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ABSTRACT
Key, Car] H. ,  M .S . ,  1979 W i l d l i f e  Bio logy
Mammalian U t i l i z a t i o n  o f  F loodp la in  H a b i ta ts  along the North Fork 
of  the F lathead R iver  in G la c ie r  Nationa)  Park ,  Montana ( 151 pp.)
D i r e c t o r :  P h i l i p  L. Wright
Mammalian communities on the North Fork o f  the F lathead R iver  
F loodp la in  in G la c ie r  Na t iona l  Park were in v e s t ig a te d  dur ing 1976 
and 1977 to provide b a s e l in e  data on the small mammal fauna,  to  
e v a lu a te  the importance o f  F loodpla ins  to medium-sized c a r n iv o r e s ,  
and to e s t a b l i s h  m onito r ing  procedures so th a t  Park resource mana­
gers might b e t t e r  assess the f u t u r e  impact o f  human d is tu rb an ce .
Six  permanent p lo ts  were e s ta b l is h e d  from which est imates  o f  small  
mammal d i s t r i b u t i o n  and abundance can be made in f u tu r e  years .
FIoodpla ins  were p roduct ive  areas f o r  small mammals. TweTv&_s^ecjes 
(were captured.  Both d e n s i ty  and biomass were g r e a t e r  in f r e q u e n t l y  
(^flooded h a b i t a t s  than in most o th e r  types,  inc lud ing  ad jacen t  com­
m unit ies  not sub jec t  to  p e r io d ic  f lo o d in g .  Young se res were charac­
t e r i z e d  by low species d i v e r s i t y ,  and high r e l a t i v e  abundance o f  
deer mice. O lder  con ife rous  seres supported more species but t o t a l  
abundance, though s i m i l a r  to e a r l y  seres in some cases, was more 
eq u a l ly  d i s t r i b u t e d  between the species p resent .  S t a t i s t i c a l l y  
/ s i g n i f i c a n t  d i f f e r e n c e s  e x is te d  in small mammal d e n s i t i e s  between 
( s t u d y  p l o t s ,  and between sampling pe r iods .  Species d i v e r s i t y  v a r ie d  
s l i g h t l y  between study p l o t s ,  but decreased s i g n i f i c a n t l y  the second 
f i e l d  season when t o t a l  small mammal d e n s i ty  was low.
A p lea  is made to  e x e rc is e  g re a t  care when i n t e r p r e t i n g  data  
from F loodpla in  p l o t s ,  due to the high degree o f  n a tu ra l  v a r i a t i o n  
in small mammal abundance. The mere d e n s i ty  o f  a small mammal 
species would not represent  a good in d ic a t o r  o f  human d is tu rb a n c e .  
Given s l i g h t  i n t e r - p l o t  v a r i a t i o n ,  species d i v e r s i t y  may be the  
best i n d ic a t o r  o f  community change; provided the a n a ly s is  c o n t r o l l e d  
f o r  expected v a r i a t i o n  due to changes in t o t a l  small mammal d e n s i t y .  
Several small p reda tors  f requented F loodp la ins  which provided access 
to prey ,  s h e l t e r ,  and t r a v e l  rou tes .  O t t e r  and mink, l inked  d i r e c t l y  
to the a q u a t ic  system, would be good in d ic a to r s  o f  water  q u a l i t y  
changes, and e a s i l y  censused i f  u t i l i z e d  in environmental m o n i to r ­
ing. A d d i t io n a l  bas e l in e  data a re  needed on those species as a 
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The importance o f  small mammals as ecosystem components has been 
demonstrated on many eco log ica l  l e v e l s .  In terms o f  q u a n t i t y ,  the  
amounts of  energy and m at ter  f low  a t t r i b u t e d  to small mammals is o f te n  
q u i te  low, yet  the impact o f  small mammals on some ecosystem processes 
of te n  has a " m u l t i p l i e r  e f f e c t "  out o f  proport ion  to the s i z e  o f  t h e i r  
act ion  per se . Whi le  small mammals u s u a l ly  c o n t r ib u t e  less than 1 .0  
percent to  t o t a l  biomass (Odum 1957) ,  as l i t t l e  as 0 .3  percent  to net  
p r o d u c t i v i t y  (P o t te r  1974) ,  and u s u a l ly  harvest  less than 1 .0  p e r ­
cent of  a v a i l a b l e  green forage ( P o t te r  1976) ,  t h e i r  a c t i v i t i e s  have 
been shown to a l t e r  or  m ain ta in  the communities in which they l i v e .  
T he ir  herb ivory  and g ra in  i v o r y , in some instances ,  are  responsib le  
fo r  a l t e r i n g  the den s i ty  o f  p r e fe r re d  p la n t  species ( E l l i s o n  and 
Aldous 1952, Branson and Payne 1958, Koford 1958, B a tz l i  and P i t e l k a  
1970, Westoby 1973),' a c c e le r a t in g  p la n t  t is s u e  decomposition through 
excessive harvest ing  (G o l ley  1973, G o l le t  e t  a l .  1975:231,  Grant  
1974) ;  changing rates o f  pr imary product ion ( F i t c h  and Bently  1949,  
Schultz  1969, Gol ley  1973);  a f f e c t i n g  p lan t  species d i v e r s i t y  (F i t c h  
and Bent ly  1949, Bartholomew 1970, H a l l ig a n  1974);  and f a c i l i t a t i n g  
the germinat ion and d ispersa l  o f  some seeds (Brown 1947, West 1968, 
Abbott and Quink 1970, G r i f f i n  1971:868) .  Digging a c t i v i t i e s  may 
make a v a i l a b l e  so lub le  n u t r ie n t s  from deeper s o i l  layers  (Abaturov
1972);  increase s o i l  f e r t i l i t y  through s u b te r ran ian  caches, nests and 
u r i n a l s  (Greene and Reynard 1932, Turner e t  a l .  1973);  a f f e c t  s o i l  
moisture and erosion ( E l l i s o n  1946, Turner e t  a l .  1973, Chew 1978) ;  
and a l t e r  loca l  topography (Ross e t  a i .  1968, B a t z l i  1975) .  Although  
many o f  the preceding examples are  n e i t h e r  c l e a r l y  understood nor 
c l e a r l y  s u b s ta n t ia t e d ,  due to few long-term exper imenta l  s tud ies  
simultaneously  measuring environmental  responses on many l e v e l s ,  
the evidence in d ic a te s  th a t  small mammals are a fu n c t io n a l  component 
a f f e c t i n g  the s t r u c t u r e  o f  communities.
In a d d i t i o n ,  strong evidence e x i s t s  to  show th a t  small mammals 
a f f e c t  the d e n s i ty  and d i v e r s i t y  o f  o th e r  an im als .  They are  important  
food resources f o r  l a r g e r  predators  (Craighead and Craighead 1956,  
Golley i 9 6 0 . E r r ing  ton 1963, Southern and Lowe 1968);  c o n t r o l ,  in 
some instances ,  ar thropod prey d e n s i ty  (M o i l ing  1959, Frank 1967,
P l a t t  and B lak ley  1973) ;  i n t e r a c t  to  determine the coex is tance  o f  
re la te d  species (Brown 1973, Brown and Lieberman 1973, Hafner  1977,  
Hutto 1978) ;  and may c o n t r ib u t e  to  r e g u la t in g  popu la t ions  o f  u n r e l a t ­
ed taxa on s i m i l a r  t ro p h ic  l e v e l s  (Chew 1974, Brown and Davidson 1977) .  
I t  is importan t ,  t h e r e f o r e ,  f o r  any agency such as the Nat iona l  Park  
Serv ice  (NPS),  engaged in p reserv ing  n a tu ra l  ecosystems, to  i n v e s t i g a t e  
and i n t e n t i o n a l l y  counteract  any human in f lu e n c e  which would a l t e r  
the small mammal component o f  communities.
R e cen t ly ,  small mammals have been the sub jec ts  o f  many b a s e l in e  
stud ies  (Bodner and Wooley 1974, Wagner 1978) .  Whi le  t h e i r  use as
environmental Ind ic a to rs  o f  p o l lu t i o n  may be l i m i t e d ,  due to  large  
v a r i a b i l i t y  In numbers over t im e ,  the base l ine  study provides a 
d e s c r ip t io n  of  the natura l  community and I t s  v a r i a b i l i t y  a p r i o r i , 
and al lows comparisons when the community Is monitored post p r i o r i . 
Should s i g n i f i c a n t  d i f f e r e n c e s  be found, and r e la te d  to p o l l u t i o n ,  
e f f e c t i v e  management or  court  ac t ion  can then be Implemented in t ime  
to prevent f u r t h e r  environmental loss.  This study Is Intended to  
serve as such a d e s c r ip t io n  In l i g h t  o f  In d u s t r ia l  developments,  
p a r t i c u l a r l y  coal min ing,  logging and tour ism,  which th rea ten  most 
Immedlatly the North Fork o f  the Flathead River  (NFFR) and I ts  
Floodplain  w i t h in  G la c ie r  National  Park.
In 1976, when personnel o f  the NPS I n i t i a t e d  t h is  s tudy,  no 
Information ex is ted  on the small mammal communities o f  the NFFR 
F lood p la in ,  and l i t t l e  e x is ted  on the small mammals from the D ra in ­
age. Weckwerth (1955) and Jonkel (1957) trapped small mammals 
during t h e i r  studies on the pine marten (Martes amerlcana) In GNP. 
However, they trapped at  h igher  e le v a t io n s  away from the R iv e r ,  and 
emphasized marten food resources,  r a th e r  than the s t r u c t u r e  and 
dynamics o f  the small mammal community. Wright (personal communication) 
also c o l le c te d  small mammals In the Drainage,  on upper Camas Creek,  
from 1948 to 19&9' Whi le  h is  e f f o r t s  spanned many years and helped  
determine the d i s t r i b u t i o n  o f  some small mammals (Wright  1950 ) ,  his  
traps were set  f o r  o n ly  one n ight  each summer and small mammals o f  
the F loodpla in  were not Included.  C l e a r l y ,  more adequate In form at ion
was needed to enable r e c o g n i t io n  o f  unnatura l  changes which may a r i s e  
in the small  mammal community o f  the NFFR F lo o d p la in .
I spent the summer o f  1976 and the w in t e r  and summer o f  1977 in 
the f i e l d .  My s p e c i f i c  o b je c t i v e s  were to :
1) determine the composit ion o f  small mammal communities 
on the F loodp la in ;
2) o b ta in  in form at ion  on small mammal h a b i t a t  s e l e c t i o n  and 
o th e r  niche r e la te d  parameters a t  the community l e v e l ;
3) conduct w in t e r  surveys o f  medium-sized f u r  beare rs ;
4) exp lo re  poss ib le  r e la t io n s h ip s  between the small mammal 
fauna o f  the F loodp la in  and w id e r - ra n g in g  c a rn iv o re s ;  and
5) e s t a b l i s h  permanent p lo ts  and procedures f o r  f u t u r e  moni­
to r in g  o f  t h is  mammal community.
Fig .  1. Map o f  study area .  In se t  shows western  Montana, G la c ie r
Nat ional  Park ,  and the l o c a t io n  o f  the study area (shaded)
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CHAPTER 1 I 
DESCRIPTION OF THE STUDY AREA
Physiographic  characters
The NFFR o r i g in a t e s  in Canada and f lows southeast  about 45 km 
before reaching the United S ta te s .  For 69 km the River  forms the  
western boundary o f  GNP before  j o i n i n g  the Middle Fork o f  the Flathead  
R iv e r ,  which forms the Park 's  southern border.  The W h i te f is h  
Mountain Range to the west ,  and the h igher  L iv ingston  Mountain Range 
to the east  d e f in e  the l a t e r a l  l i m i t s  o f  the Drainage w i t h in  the United  
States  (F ig .  1).
L ike  most r i v e r s  in mountainous a reas ,  NFFR water  f lows s w i f t ,  
cold and c l e a r  over a cobble s u b s t ra te .  Flooding u s u a l ly  occurs once 
annual ly  in response to spr ing snowmelt a t  h igher  e l e v a t i o n s .  The 
durat ion  and ex te n t  o f  f lo o d in g  is c o n t r o l le d  by snow depth,  r a t e  o f  
warming, and the magnitude o f  spr ing r a in .  F loodpla in  formation  
r e s u l t in g  throughout the l i f e  o f  the R iv e r ,  takes p lace as the R iver  
meanders back and f o r t h  across the v a l l e y  f l o o r .  At each bend, the  
r i v e r  erodes to the ou ts ide  forming a steep bank, and leaves behind a 
f l a t  p la in  o f  sedimentary m a te r ia l  (F ig .  2 ) .  The leve l  f lo o d p la in s  
are then sub jec t  to the invasion o f  p la n ts  and animals from ad jacent  
commun i t  les .
Vegetat ion
Vegeta t ion  o f  the NFFR Drainage w i t h in  GNP is t y p i c a l  boreal
Fig .  2. Cross sec t ion  o f  a NFFR F lo o d p la in .  Banks border ing  the
F loodp la in  (A) support c o n i f e r  and grass land  stands .  Also  
shown are  the R iver  ( B ) , the F lo o d p la in  ( C ) , and a remnant 
r i v e r  channel (D) .  Arrows represent  e ros ion  v e c to r s .
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con i fe rous  f o r e s t .  White spruce (P icea g 1auca^) ,  ponderosa pine  
( Pinus po n d ero sa ) , and lodgepole  p ine  ( Pinus c o n to r ta )  occur a t  
lower e l e v a t i o n s  and are  replaced by D o u g l a s - f i r  ( Pseudotsuga m e n z ie s i i )  
and suba lp ine  f i r  (Abies la s io c a r p a )  a t  h igher  e l e v a t i o n s .  Grass 
openings and r i p a r i a n  bottoms are  a ls o  obvious fe a tu r e s  along the 
R iver .  Outs ide  GNP, west o f  the R i v e r ,  f o r e s t  types are  s i m i l a r ;  
however,  d is tu r b e d  s i t e s  such as c le a r c u t s  and pastures are  e v i d e n t .
Tab le  1 l i s t s  17 h a b i t a t  types (h ts )  encountered on or  ad jacen t  
to  my F lo o d p la in  p l o t s .  The l i s t i n g  represents  fo u r  major h a b i t a t  
groups (hgs) which a re  more e a s i l y  recognized from a d is ta n c e  ( i . e . ,  
from a e r i a l  photographs):  wash, cottonwood, c o n i f e r ,  and grass land
hgs. A l l  the predominant ly  r i p a r i a n  h a b i t a t s ,  and most o f  the remaining  
o ld e r -a g e  h a b i t a t s  on F loodp la ins  comprise e i t h e r  a continuum o f  
sera i  s tages ,  o r  a re  ecotones and not r e a d i l y  grouped in to  d i s t i n c t  
hts ( P f i s t e r  e t  a l .  1972) .  I found i t  necessary ,  however,  to  produce.,  
a usable c l a s s i f i c a t i o n  o f  F lo o d p la in  v e g e ta t io n  so t h a t  small  
mammal community parameters could be compared between areas th a t  
seemed to d i f f e r  v e g e t a t i o n a l 1 y , y e t  p r e v io u s ly  had not been descr ibed  
as h ts .  Except where noted o t h e r w is e ,  hts a re  named on the bas is  o f  
my own v e g e ta t io n a l  a n a ly s is  o f  3 ,102  quadrats  (see R e s u l ts ) .
1. Spruce in the NFFR Drainage occur in a h y b r i d i z a t i o n  zone 
between Picea q lauca from the n o r t h ,  and P i cea engelmann i i from the  
south. Even though both species and hybrids  are  rep res en ted .  I r e f e r  
to the whole complex as P icea g l a u c a .
Table 1. C h a r a c t e r is t i c  h a b i t a t  types o f  the NFFR F loodpla in  and 
adjacent  upland communities. H a b i ta t  types are ordered by increasing  
r e l a t i v e  age and descreasing ra te  o f  f lo o d in g .
H a b i ta t  group H a b i ta t  type
Wash
Cottonwood

















MES 1C grassland‘s 
XERIC GRASSLAND^
^ P f i s t e r  e t  a l .  (19 7 7 ) .  
^Koterba and Habeck (1971 ) .
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The d i s t r i b u t i o n  o f  hts on NFFR F loodp la ins  is m a r g i n a l l y  p r e ­
d i c t a b l e  (Appendix I ) .  O ldest  h t s ,  g e n e r a l l y  spruce dominated, are  
found on the up-stream p o r t io n  o f  the F lo o d p la in ,  and represent  e i t h e r  
a remnant o r i g i n a t i n g  p r i o r  to  F lo o d p la in  f o r m a t io n ,  o r  a h a b i t a t  
a r i s in g  through succession on the  o ld e s t  p o r t io n  o f  the F lo o d p la in .
The youngest h t s ,  WASH GRAVEL and WASH HERB, occur near the  R iver  and 
inc lude most o f  the downstream p o r t io n  o f  the F lo o d p la in .  Between 
youngest and o ld e s t  hts is a g r a d i e n t  o f  age-dependent r i p a r i a n  
h a b i t a t s  inc lud in g  WASH POPULUS, WASH ELAEAGNUS, and MATURE POPULUS 
hts .  H i s t o r i c  and chance e v e n ts ,  such as f i r e ,  F lo o d p la in  shape and 
composit ion o f  ad jace n t  p la n t  communit ies, p lay  s i g n i f i c a n t  ro les  in 
determ in ing  the p a t t e r n  o f  v e g e t a t i o n ,  and account f o r  much o f  the  
v a r i a b i l i t y  observed between F lo o d p la in s .  PICEA -  PINUS, PICEA/  
CLINTONIA, PSEUDOTSUGA/FESTUCA, MESIC GRASSLAND, and XERIC GRASSLAND 
hts occupy a l l u v i a l  benches border ing  the F lo o d p la in .
Study p lo ts
Six study p lo ts  w i t h i n  GNP were s e le c te d  along the R ive r  on the  
basis o f  a c c e s s i b i l i t y ,  v e g e ta t io n a l  s i m i l a r i t i e s ,  and s i z e  ( F i g .  1 ) .  
Since F loodp la ins  were r e l a t i v e l y  small  and s c a t t e r e d ,  p lo ts  la rg e  , 
enough to accomodate a t r a p l i n e  o r  g r i d  were d i f f i c u l t  to  f i n d .  I 
attempted to lo c a te  p lo ts  where a l l  major hgs were re p re s e n te d ,  and 
sample each p r o p o r t i o n a t e l y .  A map o f  each study p l o t ,  showing t ra p  
l o c a t io n  and h a b i t a t  d i s t r i b u t i o n  appears in Appendix I .
CHAPTER l i t
MATERIALS AND METHODS
Removal t rapp ing
On p lo ts  2 ,  3> 5,  and 6 ,  one set o f  two p a r a l l e l  t r a p l i n e s ,  Calhoun 
l ines  (Calhoun 1953)» was placed t ra n s e c t in g  successional grad ien ts  
in an at tempt to represent  a l l  environmental condit ions  present  on 
the F loodpla in  (Appendix I ) .  Each l i n e  contained 20 t ra p  s t a t io n s ,  
w ith  two V ic to r  mouse traps set a t  each s t a t i o n .  Trap s t a t io n s  and 
l ines  were placed 15 m a p a r t ,  and traps were ba i ted  w i th  peanut 
b u t te r  and r o l l e d  oats .  Four assessment l i n e s ,  spaced 90 m apart  
with 8 t ra p  s t a t io n s  per l i n e ,  were l a id  out perpendicu la r  to the  
Calhoun l in e s .  Assessment l ines  extended toward communities ad jacent  
to the F loodp la in ,  and away from the R iver .  Assessment l i n e  re s u l ts  
were used to determine the area a f fe c te d  by Ca lho un- l ine  removal,  and 
the composition of  small mammal communities ad jacent  to the F loodp la in .
A l l  traps were checked once d a i l y  and reba i ted  when necessary,  
at  leas t  once every 3 days. F i f t e e n  o ne -ga l lon  cans, placed in l i k e l y  
locat ions between Calhoun l i n e s ,  were buried up to the top rim and 
l e f t  unbaited to sample shrews. Cans were checked d a i l y  during  
Calhoun and assessment l i n e  t ra p p in g .  During the summer of  1976,
Calhoun l in e s  were set f o r  20 consecut ive  days, and assessment l in e s  
were trapped 12 consecut ive days beginning the e ighth  day o f  Calhoun 
l i n e  t rapp ing .  P r e l im in a r y  a n a ly s is  o f  1976 data showed snap t rap
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per iods could be shortened to 12 and 3 consecut ive  days,  f o r  Calhoun 
and assessment l in e s  r e s p e c t i v e l y ,  w i th o u t  s i g n i f i c a n t l y  a l t e r i n g  
r e s u l t s .  Shortened t r a p  per iods in 1977 al lowed more t ime f o r  veg e ta -  
t io n a l  sampl ing.  In both y e a r s ,  t ra p p in g  began 7 J u ly  on p lo ts  2 and 
3,  and 8 August on p lo t s  5 and 6.
Captured animals were sexed , weighed,  and measured. A f t e r  2 
August 1976 , small  mammals were examined f o r  re p ro d u c t iv e  c o n d i t io n .
Age c lasses were assigned on the basis  o f  re p ro d u c t iv e  c o n d i t io n  
(Jameson 1953 ) ,  pelage c h a r a c t e r i s t i c s ,  and body weight  (Lane I 968) .  
Except f o r  Peromyscus m a n ic u la t u s , j u v e n i l e s  were n e a r ly  impossible  
to  d i s t in g u is h  from s u b ad u l ts ,  so a l l  n o n a d u l t - l i k e  animals were 
c l a s s i f i e d  as j u v e n i l e s .  In m a n ic u la t u s , pelage c o lo r  and molt  
p a t te rn s  were used to  e s t a b l i s h  t h r e e  age c la s s e s .  A l l  n u l l i p a r o u s  
females were assigned to  a nonbreeding j u v e n i l e  o r  subadul t  s t a t u s ,  
as were small males having abdominal t e s t e s .  I c lassed r e p r o d u c t i v e l y  
i n a c t iv e  a d u l t s  ( fem ales  w i t h  p l a c e n ta l  scars and w e l l  developed  
n ip p le s ,  o r  la rge  males w i t h  abdominal t e s t e s )  nonbreeding a d u l t s .  A l l
e s t ro u s ,  pregnant  o r  l a c t a t i n g  females were i d e n t i f i e d  as breeding  
a d u l t s ,  along w i t h  males possessing s c r o t a l  t e s t e s .  O c c a s io n a l l y ,
I was u n c e r ta in  o f  the breed ing c o n d i t io n  in some an im a ls ,  p a r t i c u l a r l y  
females in e a r l y  e s t r u s  o r  pregnancy, and males w i t h  in te r m e d ia t e ­
s ized descending t e s t e s .  I assigned these animals to a q u e s t io n a b le  
breeding s t a t u s .
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Live t rapping
Plots  1 and 4 were trapped w ith  Sherman l i v e  traps during the  
summers of  1976 and 1977. A s in g le  t ra p  was placed a t  every operable  
t rap s t a t i o n ,  supplied w i th  cotton and ba i ted  w i th  peanut b u t te r  and 
r o l le d  oats .  Traps were set in the evening,  checked the fo l lo w in g  
morning and l e f t  closed during the day. Captured animals were i d e n t i ­
f ie d  to species,  sexed, aged and re leased at  the point  o f  cap ture .  
Unmarked animals were toe c l ipped  as descr ibed by Baumgartner (1940 ) ,  
weighed and measured f o r  t a i l  length .  External reproduct ive  c h a ra c te r ­
i s t i c s ,  such as n ip p le  s i z e ,  vag ina l  con d i t io n  or  t e s t i s  p o s i t io n  
were a lso  noted f o r  a l l  cap tures .  Weights and t a i l  lengths o f  marked 
animals were recorded roughly every o th e r  day.
P lo t  1 contained a 256 s t a t io n  g r id  of  16 rows and 16 columns 
spaced 15 m a p a r t .  A r o t a t io n a l  t rapp ing  system, s i m i l a r  to the one 
described by Brant ( 1 9 6 2 ) ,  perm it ted  the whole g r id  to be sampled 
by 64 traps In 4 days. When sampling commenced, on day 1, traps  
were d i s t r i b u t e d  over  the g r id  in b a t t e r i e s  o f  four  as shown in 
Appendix la .  On day 2 each b a t t e r y  was moved to the r i g h t ,  to  occupy 
t rap  s ta t io n s  labeled 2 in F igure 3- Then, on day 3 ,  each b a t t e r y  
was moved up to p o s i t io n  3 in F igure  3- F i n a l l y ,  on day 4 ,  the set  
of four  t raps was re loca ted  to  p o s i t io n  4 in Figure 3» where the  
las t  o f  the 256 t ra p  s ta t io n s  were sampled.
Trapping bouts continued 8 consecut ive  days so th a t  the whole 
g r id  was covered twice in each bout.  In 1976, t rapp ing  began 27 June
Fig. 3.  L ive  t rapp ing  r o t a t i o n  system. Area w i t h i n  do t ted  l i n e  encloses  
1/16 o f  the g r id  in Appendix la .  S o l id  c i r c l e s  in d ic a t e  
o p p e ra t iv e  t ra p  s t a t i o n s ,  open c i r c l e s  represen t  in o p e r a t iv e  
t ra p  s t a t i o n s ,  and numbers s p e c i fy  the chron o lo g ica l  order  o f  
t rapp ing  each b a t t e r y  of  4 t ra p  s t a t i o n s .
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and p ers is te d  through 27 August w i th  4-day res t  in te r v a ls  between 
sampling bouts. In 1977, P lo t  1 was sampled w ith  3 t rapping bouts
at  approximently  monthly in te r v a ls  beginning 22 June.
P lo t  4 ,  a long narrow pen insu la ,  was sampled w i th  a s in g le  l in e  
of  23 traps spaced 15 m apart  in 1976 (Appendix I d ) .  The fo l low ing  
summer when more traps were a v a i l a b l e ,  an a d d i t io n a l  l i n e  o f  14 
s ta t io n s  was placed p a r a l l e l  to the f i r s t  in an adjacent  spruce stand.  
Since t h is  second l i n e  was o f f  the F loodpla in  and separated from 
i t  by Akokola Creek, i t  provided in format ion about movements to and 
from the F lo o d p la in ,  as wel l  as comparisons between the small mammal 
communities on the F loodpla in  and those adjacent  to the F loodp la in .
I trapped t h is  p lo t  a t  monthly in t e r v a ls  fo r  4 consecutive days during
June through August o f  1976 and 1977.
W inter  census
From January through mid-March o f  1977, I conducted w in te r  t ra ck  
censuses in an at tempt to  es t im a te  r e l a t i v e  d e n s i t i e s  and h a b i t a t  
preferences o f  fu r  beare rs .  One census ro u te ,  0 .5  km long, was located  
on each study p lo t  and t ransected the same successional grad ien ts  as 
t r a p l i n e s .  Six  a d d i t io n a l  rou tes ,  located from 0 .5  km to 2 .0  km 
away from the F loodpla in  (Appendix I I ) ,  were a lso  censused to provide  
comparable da ta .  I intended to t r a v e l  each route 1 or 2 days a f t e r  
a snowfal l  as suggested by Formozov ( 1 9 6 2 ) ,  however the a ty p ic a l  lack  
of snow in 1977 precluded any such systematic  approach to sampling.
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Ins tead ,  when f re sh  snow was not a v a i l a b l e ,  I v i s i t e d  each route  at  
l eas t  once weekly.  Most t racks  were measured and e i t h e r  sketched 
or photographed. Since r e l a t i v e  est imates were used to  r e l a t e  d e n s i ty ,  
a l l  t racks  crossing the route were counted even though some sets  
obvious ly  belonged to the same i n d iv id u a l .  This system avoided any 
indecis ion which would have a r isen  when I was unsure o f  the ind iv idua l  
i d e n t i t y  o f  a t r a c k .  In t rack ing  fu r  bearers ,  which t ra v e l  long 
d is tances ,  o f te n  longer than the census l i n e  i t s e l f ,  s i tu a t io n s  o f  
doubtful  ind iv idu a l  i d e n t i t y  would have ensued r e g u l a r l y .
In a d d i t io n  to the census counts, t racks  were o f te n  fo l lowed to  
gain ins igh t  in to  an an im a l 's  d a i l y  hab its  and a c t i v i t y .  A l l  t racks  
were e a s i l y  i d e n t i f i e d  to species except those of  the 2 weasels,
Mustela f re n a t a  and erm inea. Being sympatric in the NFFR Drainage,  
the two species e x h ib i te d  enough sexual dimorphism in s iz e  tha t  the 
small female t racks  o f  the la rg e r  M. f re n a ta  could have been mistaken  
f o r  the large  male tracks  o f  the sm al le r  erm inea. I hoped to 
resolve the quest ion o f  weasel t ra c k  i d e n t i t y  by construc t ing  6 wooden 
box t raps and measuring the tracks  o f  captured animals upon re le a s e .  
Since the o b j e c t i v e  o f  t rapp ing  was soley to i d e n t i f y  weasel species  
and not to  es t im a te  popu la t ion  parameters,  traps were placed wherever  
weasel a c t i v i t y  was h ig h es t .
Vegetation ana ly s is
Since t r a p l i n e s  and g r id s  t ransected  a g ra d ie n t  of  successional
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stages, the vegeta t ion  around any given t rap  s t a t io n  u s u a l ly  d i f f e r e d  
markedly from th a t  o f  an ad jacent  s t a t i o n .  Consequently,  I chose to 
consider each t ra p  s t a t io n  as a sampling u n i t ,  and measure v eg e ta t iona l  
parameters w i t h in  a 7*5 m rad ius ,  th a t  i s ,  h a l f  the d is tance  to an 
adjacent  s t a t io n .  To avoid confus ion,  I w i l l  r e f e r  to the area circum­
scr ibed by the 7 .5  m radius (176 .7  m^) as the t rap  s i t e ,  and the  
center  o f  the t rap  s i t e ,  where t raps  were p laced ,  as the t ra p  s t a t i o n .
Four 0 .5  (0 .2 5  m by 2 . 0  m) quadrats were placed randomly w i th in
each t ra p  s i t e  to  sample herbs and exposed s u b s tra te .  The ap p ro p r ia te  
number and s iz e  o f  quadrats was determined p r i o r  to  sampling by randomly 
placing 60 quadrats o f  5 d i f f e r e n t  s i z e s ,  and construc t ing  species:  
area curves as described by Oosting (19 5 6 ) .  Quadrats were located  
randomly by f i r s t  sp inning a s t i c k  as i t  was tossed in to  the a i r .  The 
o r i e n t a t i o n  o f  the s t i c k  when i t  landed ind ica ted  in which d i r e c t io n  
from the t rap  s t a t io n  a quadrat would be p laced.  The number o f  paces 
( to  the nearest  h a l f  pace) from the t ra p  s t a t io n  to the quadrat s i t e  
was then der ived from a random numbers t a b l e .  Once the quadrat s i t e  
was located ,  by pacing in the d i r e c t i o n  ind ica ted  by the s t i c k ,  the 
s t ic k  was tossed again to determine the f i n a l  o r i e n t a t i o n  o f  the  
quadrat .  Only 3 r e s t r i c t i o n s  were placed on quadrat lo c a t io n s :  they
had to be completely  on land; quadrats could not o v e r la p ;  and they 
had to be e n t i r e l y  w i t h in  the 176.7 m̂  t ra p  s i t e .  I f  a quadrat s i t e  
v io la te d  any one o f  these r e s t r i c t i o n s ,  the quadrat  was re lo c a te d .  The 
0.25 m by 2 .0  m quadrat  was most e f f i c i e n t  in sampling the sparse and
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high ly  clumped vegeta t ion  o f  e a r l y  successional stages. For consis tency,  
the same quadrat  was used throughout a l l  successional stages even 
though a sm al le r  quadrat may have been adequate where v eg e ta t ion  was 
more dense and evenly dispersed.
With in  each quadra t ,  a v isua l  es t im a te  o f  each herb species '  pe r ­
cent cover (HPC) was made, and unknown specimens were c o l le c te d  fo r  
l a t e r  i d e n t i f i c a t i o n .  Exposed sub stra te  percent  cover (EPC) included  
the fo l low ing  types: gravel less than 2 cm in d iam eter ,  gravel between
2 cm and 8 cm, gravel g r e a t e r  than 8 cm, sand, s i l t ,  organ ic  l i t t e r ,  
humus, and o ther  s o i l .  Mean HPC and EPC was then c a lc u la te d  from the 
four quadrats sampled a t  each traps I t e .  The sampling design conformed 
to a s t r a t i f i e d  random sample o f  F loodpla in  herbs, and avoided many o f  
the s t a t i s t i c a l  c o n s t ra in ts  o f  nonrandom sampling w h i le  assur ing that  
a l l  h a b i ta ts  were represented in the data .
Since t ra p  s i te s  were only  176.7 m^, la rge  t r e e  and shrub quadrats  
were im pract ica l  to  locate  randomly. Ins tead ,  2 round quadrats ,  16 
and 100 m̂  f o r  shrubs and t r e e s ,  r e s p e c t iv e ly ,  were "nested"  a t  the 
center o f  each t rap  s i t e  (F ig .  4 ) . Quadrats were q u ick ly  l a id  out w ith  
a f r e e - t u r n i n g  s t r in g  held over  the t ra p  s t a t i o n .  A v isua l  es t im ate  o f  
each shrub species '  percent  cover (SPC) was made. Populus t r ichocarpa  
saplings less than 2 .5  cm d iameter  a t  breast  height  (DBH) were considered  
shrubs, since small mammals were known to respond to s t r u c t u r a l  pa t te rns  
of vegeta t ion  (McCloskey 1978) .  T ree species den s i ty  (TDE) , and the 
diameter a t  breast  height  o f  each in d iv id u a l  t re e  (DBHj) over 15 cm
Fig.  h. P lant  quadrat  layout .  A) t ra p  s t a t i o n ,  B) 16 shrub quadrat ,  
C) 100 m t re e  quadra t ,  D) t ra p  s i t e  boundary, E) one o f  4 
randomly spaced 0 .5  m̂  herb quadrats .
■  A
0  1 ^ 3 ^ 5  meters
■ » ■ » ■
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DBH was measured. Trees less than 15 cm DBH were assigned to one o f  
th ree  s i z e  c lasses:  2 .5  to  5 .0  cm, 5-0  to 10 cm; and 10 to 15 cm DBH.
The percent  cover o f  d e a d fa l l  (DPC) , in the fo l lo w in g  s iz e  c lasse s ,
o
was est imated v i s u a l l y  w i t h in  the 100 m t re e  quadrats :  0 cm to 10 cm
in d iam eter ,  10 cm to 20 cm, and g r e a te r  than 20 cm.
Data ana lys is
Several indices were used to  q u a n t i f y  community s t r u c t u r e  and 
species r e l a t i o n s h ip s .  Whereas s t a t i s t i c a l  re s u l ts  were output  from 
"package programs" (see Data Process ing) ,  the fo l lo w in g  indices were 
computed w i th  o r i g i n a l  a lgor i thms developed f o r  an HP-25 programmable 
c a l c u l a t o r ;  and t h e r e f o r e ,  a re  l i s t e d  along w i th  a p p ro p r ia te  formulae  
to a l lo w  d u p l i c a t io n .
I n d i ces . Since t rapp ing  e f f o r t ,  i . e .  the number o f  t ra p  nights  
(1 t ra p  n ight  equals 1 t ra p  set  f o r  1 n i g h t ) ,  va r ied  between h a b i ta ts  
and yea rs ,  the standard ized index o f  catch r a te  per 100 t ra p  n ights  
(CR) was used to compute r e l a t i v e  d e n s i t i e s :
CR =  I 0 0 (  2 '  )
where n . = number o f  in d iv id u a ls  captured in h a b i t a t  I ,  and t j  = number 
o f  t ra p  n ights  in h a b i t a t  i .
Small mammal d i v e r s i t y  was measured by B r i l l o u i n ' s  fo rm u la ,  appropri  
a te  when a l l  in d iv id u a ls  in a c o l l e c t i o n  can be i d e n t i f i e d  and counted 
(P ie lo u  1966) :
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H = 1/N 1n (
N!
N|!  N2 I Ng!, )
where N = t o t a l  number o f  i n d iv id u a ls ,  Nj = number o f  in d iv id u a ls  in 
the j t h  spec ies ,  and s = number o f  species.  Evenness ( J ) , the r a t i o  
o f  observed species d i v e r s i t y  to  maximum poss ib le  d i v e r s i t y ,  was calcu  
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is the in te ger  component o f  s , and r = N -  s 
Note, n a tu ra l  logar ithms were used to c a l c u l a t e  d i v e r s i t y ,  so the u n i t ,  
" n a tu ra l  b e l " ,  fo l lows Good (1950 ) .  Two a d d i t io n a l  measures o f  small 
mammal d i v e r s i t y  were app l ied  to compare h a b i t a t s :  the number o f
species and McNaughton's ( I 968) community dominance index, which is 
in v e rs e ly  r e la te d  to d i v e r s i t y  and equals the percentage o f  absolu te  
density  con tr ibu ted  by the two most abundant species.
Niche breadth ( B ) , a r e l a t i v e  measure o f  the range o f  resources 
e xp lo i ted  by a s in g le  spec ies ,  was est imated fo l lo w in g  MacArthur's (1972)  
adaptat ion o f  Simpson's d i v e r s i t y  index:
B = ^P.
where p. = the proport ion  o f  t o t a l  CR in h a b i t a t  i .  The index may
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vary from 1 to the number o f  h a b i t a t s  occupied,  depending on the values  
of  P | ,  and was s tandard ized to vary between 0 and 1 by d iv id in g  by the  
number o f  h a b i t a t s .  Only the "p lace  n iche"  (Planka 1973) ,  or  h a b i ta t  
niche,  was t re a te d  in t h is  r e p o r t .  Niche over lap  between two species  
along the h a b i t a t  niche dimension was q u a n t i f i e d  w i th  P ianka 's  (1973)  
formula :
C u -  ",
( p ,
where 0 = over lap  o f  species j  on k,  0 . = ove r lap  o f  species k on j ,
j k  kJ
and p . j  and p .  ̂ are  the proport ions of  species j  in h a b i t a t  i and species  
k in h a b i ta t  i , r e s p e c t iv e ly .  Niche ove r lap  can vary  between 0 ,  when 
no over lap  e x is t s  between the niches o f  j  and k,  and 1, when the niche  
space of  species j  complete ly  overlaps the niche o f  k. In t h is  r e p o r t ,  
over lap  is d i r e c t l y  c o r r e la te d  w i th  the degree o f  s i m i l a r i t y  in which 
j  and k s e le c t  h a b i t a t s .
Tree species '  dominance (TDO) was c a lc u la te d  by summing the basal  
areas of  a l l  in d iv id u a ls  (BA.) in a given species.  Assuming the cross-  
section area o f  t re e  t runks was c i r c u l a r :
DBH
BA. = fr( 2 )2
and TDO = ^B A .
Average p lan t  species d i v e r s i t y  and evenness were est imated s e p a ra te ly
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fo r  the berb,  shrub, and t re e  s t r a t a  by the formula o f  Shannon and 
Weiner ,  tak ing  in to  account the bias inherent  in t h is  index (P ie lou  
1966) ,  thus :
E( H ) = “ ^P|  In p. -  | ( s“ 1 ) / 2 n |
and J = H / ln  s
where Pj = the p roport ion  o f  in d iv id u a ls  in the i th  species ,  s = the  
number o f  spec ies ,  and N = the t o t a l  number o f  i n d iv id u a ls .  Using the  
same formula ,  a measure o f  s t r u c t u r a l  d i v e r s i t y  was der ived when Pj = 
the proport ion  of  species in the i t h  s t r a t a ,  s = the number o f  s t r a t a ,  
and N = the t o ta l  number o f  species.  S t r u c tu r a l  d i v e r s i t y  served to 
measure d i f f e r e n c e s  in s t r a t a  h e te ro g e n e i ty .
Data process ing . Data processing conformed to procedures of  
the DEC system = 10/20 vers ion  o f  the S t a t i s t i c a l  Package f o r  the  
Social  Sciences (SPSS) re lease  7 . 0 1 ,  an in te gra te d  system o f  computer 
programs. While designed s p e c i f i c a l l y  f o r  the ana lys is  o f  soc ia l  
science d a ta ,  the system provides a comprehensive set  o f  procedures  
fo r  data t ra n s fo rm a t io n ,  f i l e  m anipu la t ion  and s t a t i s t i c a l  rout ines  
a p p l ic a b le  to b io lo g ic a l  data as w e l l .  A summary of  f i l e  usage is , 
discussed below, however,  anyone wishing to d u p l i c a t e  the ana lys is  in 
th is  report  should f i r s t  become f a m i l i a r  w i th  the SPSS manual (N ie ,  
e t  a l .  1975) or  the SPSS re lease  7.01 (Matzek 1977) .
Two f i l e s ,  MSDAT (mouse data)  and VEGDAT (v e g e ta t io n  d a t a ) ,  were
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i n i t i a l l y  c rea ted  v ia  input from punched cards and embodied measurements 
of the v a r ia b le s  d e l in e a te d  in Appendices I l i a  and I I lb.  The basic u n i t  
o f  a n a ly s is ,  or case,  o f  MSDAT represented a s in g le  captured small 
mammal, from which frequency d i s t r i b u t i o n s  and s t a t i s t i c a l  t e s ts  of  
d e n s i ty ,  body measurement, and p r o d u c t i v i t y  were made between small 
mammal species and h a b i t a t s .  The case leve l  of  VEGDAT, a t ra p  s i t e ,  
allowed con struc t ion  o f  a h a b i t a t  o r d in a t io n  and c a l c u l a t io n  of  d e s c r ip ­
t i v e  s t a t i s t i c s .  The f i l e  MSFREQ was created from MSDAT through the 
subprogram AGGREGATE (N ie ,  e t  a l .  1975 :203 ) .  I t s  d a ta ,  small mammal 
catch rates and biomass a lso  arranged by t ra p  s i t e  (Appendix I l i e ) ,  
permit ted  comparison of  these h igher  ordered measurements between 
h a b i t a t s .  MSFREQ and VEGDAT f i l e s  were then merged v ia  the ADD 
VARIABLES procedure (N ie ,  e t  a l .  1975:151) to  produce an in te gra te d  
f i l e ,  MSVSTR, of  veg e ta t ion  and small mammal parameters based on 
t rap  s i t e .  From MSVSTR, nonparametric  c o r r e l a t i o n  c o e f f i c i e n t s  between 
catch rates and veg e ta t io n  v a r ia b le s  were produced.
S tat  i s t i c s . Table  2 provides a guide to s t a t i s t i c a l  rout ines  
employed in t h is  r e p o r t .  The rou t ines  are  c l a s s i f i e d  according to  
main purpose, type o f  sample (data  o r g a n i z a t i o n ) ,  and leve l  o f  measure­
ment (data  s c a le ) .  The a p p ro p r ia te  SPSS subprogram mnemonics are  a lso  
furn ished.
I used a stepwise d is c r im in a n t  a n a ly s is  (SPSS subprogram DISCRIMI­
NANT) to produce a h a b i t a t  o r d in a t io n  o f  F loodp la in  v e g e ta t io n .  The
Tab le  2.  Guide to s t a t i s t i c a l  ro u t in e s .
Rout i ne
SPSS^ 
mnemon i cs Main purpose
Data 
organ i za t  i on Data sca le
Chi square t e s t NPAR TESTS 
CHI-SQUARE
Test  Goodness o f  f i t 1 Sample Norn i na1
Wilcoxon matched-  
p a i rs  t e s t
NPAR TESTS 
WILCOXON
Test d i f f e r e n c e s  in 
c e n tra l  tendency
2 re la te d  
samples
1n t e r v a l ; 
Ordinal
Mann-Whitney U t e s t NPAR TESTS 
M“W
Test d i f f e r e n c e s  in 
c en tra l  tendency
2 independent  
samples
Ord inal
Spearman nonparamet-  
r i c  c o r r e l a t i o n  
analys is
NPAR CORR Obtain s t a t i s t  ic o f  
a s s o c ia t io n  and s i g ­
n i f i c a n c e  le v e ls  be­
tween v a r ia b le s
k v a r ia b le s 1nte rva l  ; 
Ordinal
L inear  regress ion REGRESSION Describe r e l a t i o n s h ip  
between two v a r ia b le s
2 v a r ia b le s 1n te rva l
D isc r im ina n t   ̂
analys i s
DISCRIMINANT Data red u c t io n ,  i n t e r ­
p r e t a t io n  and c l a s s i -  
f i c a t i o n
k v a r ia b le s 1n te rva l
^See Nie e t  a l .  (1975)*




purpose o f  the ana lys is  was to s t a t i s t i c a l l y  d is t in g u is h  between groups 
of  t ra p  s i t e s ,  represent ing  h a b i t a t s ,  on the basis o f  the environmental  
v a r ia b le s  l i s t e d  in Appendix I Mb.  The stepwise procedure,  maximizing  
Rao's V (N ie ,  e t  a l .  1975 :448 ) ,  se lec ted  from the c o l l e c t i o n  o f  d i s ­
c r im in a t in g  v a r ia b le s  those which c on tr ibu ted  the g r e a te s t  o v e ra l l  
d i s t i n c t i o n  in h a b i t a t  type .  The se lec ted  v a r ia b le s  were weighted  
by t h e i r  d is c r im in a t in g  power and then l i n e a r l y  combined in to  one 
or  more d is c r im in a n t  func t io ns  which def ined dimensions in geometric  
space. Trap s i t e s  most s i m i l a r  in v e g e ta t io n ,  i . e .  those having  
s i m i l a r  scores on the d is c r im in a n t  f u n c t io n s ,  occupied approximate  
locat ions in space and most l i k e l y  represented the same h a b i t a t .  The 
c l a s s i f i c a t i o n  phase o f  DISCRIMINANT i d e n t i f i e d  the probable h a b i t a t  
membership o f  t ra p  s i t e s  which were not c l e a r l y  d is t in g u ish ed  from 
two or more h a b i t a t s .  C l a s s i f i c a t i o n  a lso  provided a means o f  e m p i r i ­
c a l l y  measuring the success o f  the ana lys is  in a c t u a l l y  d is c r im in a t in g  
between h a b i t a t s .
Two approaches were used to r e l a t e  small mammal d i s t r i b u t i o n  
and abundance to environmental v a r i a b l e s :  t e s ts  o f  s t a t i s t i c a l
s ig n i f ic a n c e  between d i s c r e t e  h a b i t a t  types (Table 2 ) ,  and nonpara-  
m etr ic  c o r r e l a t i o n  along a continuum o f  community resources ( e .g .  
shrub species percent  c o v e r ) .  Subs id ia ry  te s ts  o f  abundance between 




Species C h e c k l i s t . A t o t a l  o f  202 p la n t  species was encountered  
during veg e ta t io n  sampling (Appendix I V ) ,  considerab ly  more than the  
50 species recorded by Koterba and Habeck (1971) in t h e i r  study of  
the NFFR grasslands bordering the F lo o d p la in .  The g re a t  d i v e r s i t y  o f  
plants was i n d ic a t i v e  o f  the v a r i e t y  o f  v e g e ta t iv e  communities sampled 
in t h is  study. Sampling included a l l  stages o f  the successional  
g rad ien t  on F loodp la ins ,  as well  as ad jacent  grassland and c o n i f e r  
types .
The average number o f  species per t ra p  s i t e  f o r  herb,  shrub,  
and t re e  s t r a t a  was 1 2 .6 ,  1.2  and 1 .0 ,  r e s p e c t iv e ly ,  w i th  ranges 
between 0 and 21,  0 and 5,  and 0 and 4 (Appendix V ) . Species such 
as Chrysopsis v i l l o s a , Dryas drummondii and Arab is s p . , occupied the  
dry harsh environments o f  e a r l y  success ional s tages ,  w h i le  Goodyera 
o b l o n g i f o l i a , Disporum trachycarpum, and Pyro la  sp. were ty p ic a l  of  
moist spruce f o r e s t s .  Condit ions in te rm ed ia te  to these extremes 
supported such species as Populus t r i c h o c a r p a , F rag a r ia  v i r g i n i a n a , 
and Hedysarum sulphurescens.
Five species (s ta r r e d  in Appendix 1V) a re  not included in Kessel I ' s  
( 1974) c h e c k l is t  o f  v as cu la r  p lan ts  o f  GNP. Most a re  "weedy species"
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(Hi tchcock and Cronquîst 1973) from dry exposed F loodp la in  s i t e s ,  and 
t h e i r  presence in GNP may be exp la ined by the p ro x im i ty  o f  a g r i c u l t u r ­
al  a c t i v i t y .  E a r ly  success ional spec ies ,  having grea t  d ispersa l  
c a p a b i l i t i e s  (Odum 1969) ,  could be introduced in to  the Park v ia  l i v e ­
stock fodder purchased ou ts ide  the Drainage,  where the weedy species  
were abundant. The presence o f  Osmorhiza depaupera te , the only  "new" 
species occur ing on woodland C o rd i11eran s i t e s  (Hi tchcock and Cronquist  
1973) ,  is not as r e a d i l y  exp la ined as is the presence of  weedy species.  
I t  simply may have been overlooked in e a r l i e r  botan ica l  s tu d ies .
H a b i ta t  o r d i n a t i o n . I n i t i a l  at tempts to o rd in a te  a l l  17 h a b i ta ts  
w ith  the d is c r im in a n t  an a ly s is  technique were unproduct ive .  Six  
funct ions were needed to  s a t i s f a c t o r i l y  d i s t in g u is h  h a b i t a t s ,  producing  
exceedingly complex r e s u l t s .  When computations were based on j u s t  
three  d isc r im in an t  fu n c t io n s ,  on ly  67 .7  percent  o f  the 517 t ra p  s i t e s  
were c o r r e c t l y  c l a s s i f i e d  to  h a b i t a t  type .  The equivocal na ture  o f  
the ana lys is  supported a continuum hypothesis f o r  NFFR F loodpla in  
plant  community o r g a n iz a t i o n ,  e s p e c i a l l y  f o r  the r i p a r i a n  v eg e ta t ion  
where f lood ing  and succession caused measurable changes from year to  
year.
I continued under the assumption, however,  th a t  a l o g i c a l ,  
e co lo g ic a l ly -b a s e d  c l a s s i f i c a t i o n  would best f a c i l i t a t e  the GNP resource  
managers and f i e l d  b i o lo g is t s  who would cont inue to monitor  NFFR 
Floodplain  mammals. As P f i s t e r ,  e t  a l .  (1977*10)  s t a t e d ,  " lo ca l  
condit ions th a t  d e v ia te  from t h i s  c l a s s i f i c a t i o n  can s t i l l  be described
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în terms o f  how they d i f f e r  from the nearest  typa l  d e s c r i p t i o n . "
Rather than reduce the number o f  h a b i t a t  types,  to  s im p l i f y  the 
a n a ly s is ,  I chose to combine three  or  more s i m i l a r  h a b i ta ts  in to  
h a b i t a t  groups (Table 1) represent ing  a more or less d i s t i n c t  veg e ta ­
t i v e  community composed o f  several  m ic ro h a b i ta ts .  In the discussion  
th a t  f o l lo w s ,  re s u l ts  o f  the h a b i t a t  group ana lys is  appear f i r s t ,  
fo l lowed by the ana lys is  o f  h a b i t a t  types w i t h in  each group. Since  
the h a b i t a t  types w i t h in  a group were most s i m i l a r  to  each o t h e r ,  the  
l a t t e r  typal  ana lys is  provided a " f i n e  tun ing"  o f  the s i g n i f i c a n t  
d i f fe re n c e s  between F loodp la in  h a b i ta ts  w h i le  m ain ta in ing  an under­
standable s i m p l i c i t y .  I f  in the f u t u r e ,  a researcher  wishes to  
c l a s s i f y  F loodpla in  h a b i ta ts  by the ana lys is  in t h is  r e p o r t ,  the  
fo l low ing  should be a p p l ie d ;
1) measure only  the v a r ia b le s  l i s t e d  in the fo l lo w in g  analyses;
2) f in d  the h a b i t a t  group membership o f  the sampling u n i t  in 
question by;
a) m u l t i p ly in g  s tandard ized d is c r im in a n t  fu n c t io n  c o e f f i c i ­
ents by s tandard ized  values of  the associated  v a r i a b l e ,
b) summing products to o b ta in  a d is c r im in a n t  score on each 
f u n c t io n ,  and
c) determin ing which h a b i t a t  c e n t ro id  is c lo s e s t  to  the 
d is c r im in a n t  scores;
3) f in d  h a b i t a t  type membership by repea t ing  steps (a) through 
(c) above using a p p ro p r ia te  v a r ia b le s  and c o e f f i c i e n t s  o f
the w i t h i n - h a b i t a t - g r o u p  a n a ly s is ;  and
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4) determine the p r o b a b i l i t y  th a t  the c o r r e c t  h a b i t a t  group and/  
or  h a b i t a t  type was chosen by reviewing c l a s s i f i c a t i o n  re s u l ts  
Several v a r ia b le s  In the a n a ly s is ,  such as percent  cover o f  
exposed sub stra te  and d e a d f a l l ,  are not s t r i c t l y  v e g e t a t i o n a l . The 
h a b i t a t  types descr ibed ,  t h e r e f o r e ,  are not r igorous phytogenic asso­
c i a t i o n s ,  but r e f l e c t  o th e r  s t r u c t u r a l  elements as w e l l .  Appendix 
V provides means and standard e r ro rs  o f  several v a r ia b le s  f o r  each 
h a b i t a t  group and type .
H a b i ta t  groups. D iscr im inant  ana lys is  o f  the v a r ia b le s  l i s t e d  
in Appendix I Mb was used in o b ta in in g  the h a b i t a t  group o r d in a t io n  
shown in F igure  5- Recall  t h a t  wash, cottonwood, c o n i f e r ,  and grass ­
land h a b i t a t  groups were sampled (Table  1 ) .  Since the 517 t rap  s i te s  
entered in to  the an a lys is  would c o n s t i t u t e  an unreadable p l o t ,  only  
the h a b i t a t  group cen tro id s  are i l l u s t r a t e d .  Exact cen tro ids  of  
groups in reduced space are  shown in Tab le 3a. Three funct ions were 
d er ived ,  the maximum f o r  a four -g roup  example, and three  measures 
provided to judge the importance o f  each (Table 3b ) .  The v a r ia b le s  
selected by the ana lys is  as most capable of  d is c r im in a t in g  between 
groups appear In Table 4 w i th  a p p ro p r ia te  d is c r im in a n t  fu n c t io n  co­
e f f i c i e n t s .  The c o e f f i c i e n t s  represent  each v a r i a b l e ' s  r e l a t i v e  
d is c r im in a to ry  power on each f u n c t io n .
High p o s i t i v e  values on the f i r s t  fu n c t io n  or  pr imary ax is  (Table
4) represent  t o t a l  exposed s u b s t ra te  cover ,  t o t a l  t r e e  species d e n s i t y ,  
Elaeagnus and Populus SPC, and Solidago sp. and Astraga lus  a lp lnus  -
Fig. 5- D iscr im inant  p lo t  o f  h a b i t a t  groups. Group c e n t ro id s  rep ­
resent 1) wash, 2) cottonwood, 3) c o n i f e r ,  and 4) grass land  









Table 3a. Exact cen tro ids  o f  h a b i t a t  groups In reduced space.
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H a b i ta t  group Function 1 Function 2 Function 3
Wash
Cottonwood 
Con I f e r  
Grass 1 and
1 .0873 
- 0 .4 647  
- 1 .1418  
-0 .1 8 6 8
0.3289  
- 1.0009
1 .0408  
- 0 .7683
0 . 10 1 1  
0.6820  
- 0.0020  
- 1 .5504
Table 3b. D iscr im inant  funct ion  parameters o f  the h a b i t a t  group an­
a l y s i s .  Eigenvalues r e f l e c t  the r e l a t i v e  usefulness o f  each fu n c t io n ,  
where the sum o f  e igenva lu es ,  over a l l  fu n c t io n s .  Is a measure o f  the  
t o ta l  va r iance  e x is t in g  In the d is c r im in a t in g  v a r i a b l e s .  The r e l a ­
t i v e  percentage r e f l e c t s  the percentage o f  the t o t a l  sum o f  e ig en ­
values a t t r i b u t e d  to each fu n c t io n .  Canonical c o r r e l a t io n s  measure 
the a s s o c ia t io n  between each fu n c t io n  and the h a b i t a t  groups. Corre­
l a t io n s  squared are the proport ions o f  var iance  in the d is c r im in a n t  
funct ions “exp la ined"  by the h a b i t a t  groups.
Dlscr lm lnant  
funct ion EIgenva1ue
R e la t I v e  
percentage
Canon Ical  
c o r r e l a t  I on










mî crocyst  i s FPC. The t o t a l  exposed s u b s t r a te ,  in t h is  case,  is 
mainly a composite o f  the g r a v e l ,  sand, and s i l t  sub stra te  types 
(Appendix V ) . High t o t a l  t re e  d e n s i ty  probably r e s u l t s  from numerous 
cottonwood and j u n ip e r  which are o f te n  present  on r ip a r ia n  s i t e s .
At the o th e r  end o f  t h is  a x i s ,  high negat ive  scores are in d ic a t iv e  
of t rap  sites w i th  high organ ic  l i t t e r ,  humus, and o ther  s o i l  types 
EPC, den s i ty  and dominance o f  spruce, t o t a l  fo rb  cover ,  and t re e  
species r ichness.  This  f i r s t  fu n c t io n ,  then is most capable o f  d i s t i n ­
guishing t ra p  s i t e s  o f  the wash group from those o f  the c o n i f e r  group.
In Table 3a» the wash and c o n i f e r  group cen tro id s  are the extremes 
on the pr imary a x i s ,  and t h e r e f o r e ,  most d i s s i m i l a r  as determined by 
the f i  r s t  f u n c t i o n .
On the second f u n c t io n ,  high values o f  t o t a l  exposed s u b s t r a te ,  
spruce dens i ty  and dominance, shrub species r ichness ,  t o t a l  d e a d fa l l  
cover,  and t re e  species d i v e r s i t y  (Table 4) combine to produce the  
h igh ly  p o s i t i v e  d is c r im in a n t  scores i n d ic a t i v e  o f  c o n i f e r  types (F ig .
5 ) .  Since most t ra p  s i t e s  in the c o n i f e r  group are predominantly  
spruce (94 o f  I I 9 ) ,  the d is c r im in a n t  scores o f  t h is  group mainly r e f l e c t  
the parameters o f  spruce dominated s i t e s .  Cottonwood and grassland  
h a b i ta t  group c en tro id s  occupy the opposite  end o f  the secondary a x is .  
Negat ive scores r e f l e c t  a t t r i b u t e s  o f  both groups. The most s i g n i f i c a n t  
v a r ia b le s  capable o f  d i s t in g u is h in g  these two groups from the c o n i f e r  
group include:  o rgan ic  l i t t e r  EPC, cottonwood and lodgepole pine TDE,
Poa p ra tens is  grass percent  cover (GPC), and t o t a l  shrub cover.  Four
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Table  4. Standardized d is c r im in a n t  func t io n  c o e f f i c i e n t s  o f  the  
h a b i t a t  group a n a ly s is .
V a r ia b le Function 1 Function 2 Function 3
Shrub species richness 0.0512 0.2494 0.0812
Tree species r ichness -0 .1 4 8 9 0.0943 0.5018
Tree species d i v e r s i t y 0 .0389 0.2009 - 0.2819
Total EPC 0.2869 0.4106 0.2369
Total  FPC -0 .1 6 8 4 0.1271 - 0 .2537
Total  SPC - 0.1255 - 0.1195 0.1429
Total DPC 0. 0707 0.2221 0.1429
Cornus s t o l o n i f e r a  SPC - 0 .0315 0.1350 - 0.0018
Elaeaqnus commutata SPC O . I 871 0.0927 - 0 . 0636
PoDulus t r ic h o c a rp a  SPC 0.1153 0.0779 - 0 .0 202
Symphoricarpos albus SPC - 0.0669 0.0822 0.0641
Picea glauca TDO - 0.1722 0.3020 0.1393
Total TDE 0.2356 - 0.0831 - 0 . 1359
P. t r icho carpa  TDE -0 .1 4 0 5 - 0 .1507 0.2445
Picea qiauca TDE - 0 .2 8 4 8 0.3212 0.1200
Pinus con to r ta  TDE 0.0387 - 0 .1338 -0.1441
Medium gravel EPC - 0.0627 - 0 .0156 - 0.0438
Organic 1 i t t e r  EPC -0 .5 1 6 0 - 0.5110 0.0903
Humus EPC - 0.1377 0.0038 - 0 .0 770
Other so i l  types EPC - 0.2074 - 0.1094 - 0 .4 1 2 0
Danthonia intermedia  GPC - 0 . 0300 -0 .0 3 2 4 - 0.1872
Poa pra tens is  GPC 0.0179 - 0.1338 - 0.2178
Arctostaphylos uva -urs i  FPC - 0.0099 -0 .1 0 4 0 -0 .1 874
Astragalus a lo inus  -  A. 
m icrocyst is  FPC 0.0662 0. 0306 0.0010
Berber is r ipens FPC - 0.0968 0.1714 0.0487
Fraqaria  v i r q i n i a n a  FPC - 0 . 0446 0 .1110 - 0 . 0 1 06 ,
Hedysarum sulohurescens FPC 0.0321 - 0 .0616 - 0.2372
Oxytropis campestris 0 . 0093 - 0.1060 - 0 .0876
Senecio s t r e p t a n t h Î f o l i u s  FPC - 0.0351 - 0.1051 0.1488
Sol idaqo sp. FPC 0. 1225 0.0778 0.1212
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v a r ia b le s  have s i m i l a r  neg at ive  weights :  o th e r  s o i l  types EPC, Oxytro-
Pis campest r  i s ; Senecio s t r e p t a n t h i f o l i u s ; and Arctostaphylos uva-urs i 
FPC. Whi le  r e l a t i v e l y  high d e n s i t i e s  o f  lodgepole pine might seem 
more t y p ic a l  o f  the c o n i f e r  group, the species is o f te n  sera i ( P f i s t e r ,  
et  a l .  1977:116) and represented by young t rees  in cottonwood and 
mesic grassland stands. Organic l i t t e r ,  measured as the percent cover  
of  nondecaying f re sh  l i t t e r  (cons is t in g  p r i m a r i l y  o f  f a l l e n  l e a v e s ) ,  
u su a l ly  a t t a i n s  g r e a t e r  cover in cottonwood and grassland groups than 
in c o n i f e r  types (Appendix V ) .
Several seemingly important v a r ia b le s  on the t h i r d  fu nc t io n  
(Table 4) do not f i t  the h a b i t a t  groups they are intended to represent .  
For example, the p o s i t i v e  spruce dominance and density v a r ia b le s  on the 
t h i r d  fu n c t io n  are not c h a r a c t e r i s t i c  o f  cottonwood h a b i t a t s ,  and 
the negat ive  t r e e  d i v e r s i t y  and t o t a l  t re e  den s i ty  v a r ia b le s  should 
not be s i g n i f i c a n t  in determin ing grass land types.  As more d e s c r ip ­
t i v e  o f  c o n i f e r  types ,  however,  these v a r ia b le s  would tend to compen­
sate  f o r  one another to produce the near zero score of  the c o n i f e r  
group cen tro id  (Table 3 a ) .  Of the negat ive -w e ighted  v a r ia b le s  remain­
ing on the t h i r d  f u n c t io n ,  the fo l lo w in g  are  most s i g n i f i c a n t  in id e n t ­
i fy in g  grassland types: o th e r  s o i l  types EPC, t o t a l  fo rb  cover ,  Hedy­
sarum sul phurens i s and A. uva-urs i FPC, and P̂ . pratens i s and Danthon i a 
intermedia GPC. The cottonwood group, le a s t  s i m i l a r  to  the grassland  
group on the t h i r d  f u n c t io n ,  is d is t in g u is h e d  from i t  by g r e a t e r  c o t to n ­
wood d e n s i t y ,  t o t a l  EPC, S_. st  rep tan th  i f o l  ius and Sol idago sp. FPC,
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t o t a l  d e a d fa l l  cover ,  and t o t a l  shrub cover (Appendix V ) .
The p r e d ic t io n  re s u l ts  in Table  5 show t h a t  d is c r im in a n t  a n a ly ­
sis o f  h a b i t a t  groups was reasonably success fu l .  Of the 517 t rap  
s i t e s ,  88 .2  percent  were c o r r e c t l y  c l a s s i f i e d .  Most e r ro rs  in a 
c l a s s i f i c a t i o n  occurred between cottonwood and c o n i f e r  groups 
(26 .2  percent  o f  a l l  e r r o r s ) ,  and between cottonwood and grassland  
groups (2 4 .6  percent  o f  a l l  e r r o r s ) .  Edge or  ecotone types,  those  
most d i f f i c u l t  to c l a s s i f y  to  h a b i t a t  group, accounted fo r  much o f  
the d iscrepancy.  When HERB OPENING, PICEA-POPULUS and PICEA EDGE 
hts (Table 1) were removed from the a n a ly s is ,  p r e d ic t io n  re s u l ts  were 
considerably  improved. In the l a t t e r  case,  95 .2  percent  o f  the 4 l 6 
remaining t ra p  s i t e s  were c o r r e c t l y  c l a s s i f i e d  (Table 6 ) .
Wash group. Four h a b i t a t  types were recognized w i t h in  the wash 
group (Table  1 ) .  These represented the youngest sera i  s tages ,  and 
were ch a ra c te r iz e d  by high exposed s u b s tra te  cover (77 .8  + 1 .6  pe r ­
cent) and w ide ly  dispersed fo rb  (1 2 .9  + 0 .9  percent)  and shrub (1 1 .5  + 
1.0 percent)  cover.  Exposed s u b s tra te  consis ted p r i m a r i l y  o f  small 
cobbles ( 26 . 9  + 1.8 p e r c e n t ) ,  sand (20 .4  + 1.5  p e r c e n t ) ,  and s i l t  
( 12.2 + 1.2 percent)  w i th  lesser  amounts o f  la rge  cobbles,  medium 
cobbles and organ ic  l i t t e r  (Appendix V ) .  Few herb species averaged 
more than 2 .0  percent  cover s ince t h e i r  d i s t r i b u t i o n  was t y p i c a l l y  
clumped and many "empty" quadrats were sampled. Several pioneer  
species were r e p r e s e n t a t i v e  o f  wash s i t e s ,  however,  and o f te n  
a t ta ined  high cover in is o la te d  patches.  These included:  Arab is
s p . , Polemon ium pulcherr imum, Astragal  us s p . , Chrysops is v i 1 l o s a ,
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Table 5- P re d ic t io n  re s u l ts  o f  the h a b i t a t  group a n a ly s is ,  inc luding  
ai 1 hab i t a t  t y p e s .
Actual group
Pred ic ted  group memberships
Wash Cottonwood Conifer  Grassland
Wash 194 187 6 1 0
96 .4 3.1 0 . 5  0 . 0
Cottonwood 133 5 119 4 5
3 .8 89 .5 3 . 0  3 . 8
Con i f e r 119 3 12 100 4
2 .5 10.1 84 .0  3 .4
Grass 1 and 71 8 10 3 50
11.3 14.1 4 .2  70 .4
Percent o f “grouped" t ra p  sites c o r r e c t  1 y c l a s s ! f i e d : 88 .2
^Number o f  t ra p  s i t e samples.
^Number o f  t ra p  s i t e samples in pred ic ted group (a b o v e ) , per -
cent o f  row (N) below.
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Table 6. P re d ic t io n  re s u l ts  o f  the h a b i t a t  group a n a ly s is ,  fo l lo w in g  
removal o f  three  edge or  ecotone types.  Ungrouped t ra p  s i t e s  re p re ­
sent HERB OPENING, PICEA-POPULUS, and PICEA EDGE hts .
Actual group N^
Pred ic ted  group memberships
Wash Cottonwood Con Î f e r Grass 1 and
Wash 194 188 6 0 0
96 . 9 3.1 0 .0 0 .0
Cottonwood 133 7 126 0 0
5.3 94 .7 0 .0 0 .0
Con i f e r 65 0 3 60 2
0 .0 4 .6 92.3 3.1
Grassland 24 0 1 1 22
0 . 0 4 .2 4 .2 91 .7
Ungrouped 101 17 68 13 3
16.8 67 .3 12.9 3 . 0
Percent o f  "grouped" t ra p  sîtes c o r r e c t  1y cl assi f i e d : 95.2
Number o f  t ra p  s i t e  samples.
^Number o f  t ra p  s i t e  samples in p red ic ted  group (above) ,  
percent o f  row (N) below.
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Dryas drummondi Î , E p i lobium 1 at i f o l î urn, Er igeron compos Î t u s , PhacelI  a 
h a s t a t a , and Sol I dago sp.
A d is c r im in a n t  p lo t  o f  the four  wash types appears in Figure 6.
Most obvious is the d is tance  between the WASH-ELAEAGNUS ht cen tro id  
and the remaining type cen tro ids  on the f i r s t  func t io n  (Table 7 a ) .
L* commutata SPC and spruce TDO are by f a r  the most s i g n i f i c a n t  v a r i ­
ables i d e n t i f y i n g  the former type (Table 8 ) .  While  spruce dominance 
on WASH-ELAEAGNUS s i te s  is not g rea t  (Appendix V ) , i t  is much g r e a te r  
than spruce dominance on o ther  wash s i t e s ,  and t h e r e f o r e ,  c h a r a c t e r i s t i c  
when s i l v e r b e r r y  h a b i ta ts  are  compared to o ther  wash s i t e s .
On the second d is c r im in a n t  fu n c t io n ,  WASH-POPULUS hts are d i s ­
t inguished from WASH-GRAVEL AND WASH-HERB hts by higher P_. t r icho carpa  
SPC, shrub and understory  species r ichness ,  and a lp inus -  m ic ro­
cys t is  HPC (Table  8 ) .  Tota l  shrub cover and shrub species richness  
are s im i la r  in s i l v e r b e r r y  and cottonwood shrub types (Appendix V ) ; 
however, shrub species composit ion d i f f e r s  between the two.
Both WASH-GRAVEL and WASH-HERB s i t e s  are  p r i n c i p a l l y  unvegetated,  
usual ly  over 85 percent .  The most s i g n i f i c a n t  d i f f e r e n c e s  between 
them are summarized by the t h i r d  d is c r im in a n t  func t io n  (Table 8 ) .  The 
WASH-HERB ht tends to have less t o t a l  exposed sub s tra te  and g r e a t e r  
herb species r ichness ,  shrub species r ichness ,  sand cover ,  and Chrysop-  
s is v i 1 losa -  Crep i s elegans -  Er igeron composi tus FPC. Shrub d i v e r s i t y  
and shrub evenness have high p o s i t i v e  and n eg at ive  c o r r e l a t io n  c o e f f i c ­
ients r e s p e c t iv e ly ,  and s ince they are  d i r e c t l y  r e la te d  to each o t h e r .
Fig.  6. D iscr im inant  p lo t  o f  wash h a b i t a t s .  Group c e n t ro id s  re p re ­
sent I )  WASH-GRAVEL, 2) WASH-HERB, 3) WASH-POPULUS, and 4) 









Table  7a. Exact cen tro ids  o f  wash h a b i ta ts  in reduced space.
H a b i ta t  type Function 1 Function 2 Function 3
WASH-GRAVEL -0 .3 9 4 6 -1 .1710 1.1500
WASH-HERB -0 .3 985 - 0.5302 - 0.6010
WASH-POPULUS - 0.0691 0.9477 0.1665
WASH-ELAEAGNUS 3.2099 - 0.4981 - 0.0903
Table 7b. D iscr im inant  
a n a ly s is .  See Table 3b.
func t io n  parameters of  the  
f o r  a d e s c r ip t io n  o f  the
wash h a b i ta t  
parameters below.
Di scr iminant  
funct ion EIgenvalue
Relat  i ve 
percentage
Canon Ical  
c o r r e l a t io n
1 4.8961 64.12 0.911
2 2.2426 29.37 0.832
3 0.4969 6.51 0.576
h i
Table 8. Standardized d is c r im in a n t  func t io n  c o e f f i c i e n t s  o f  the  
wash group h a b i t a t s .
V a r iab le Function 1 Function 2 Function 3
Herb species richness -0 .0 102 0.4276 - 0.5078
Shrub species richness 0.1118 0.4851 - 0.5610
Shrub species d i v e r s i t y 0.0588 - 0.0544 1.2921
Herb species evenness 0.0560 -0 .0 7 0 2 -0 .1 475
Shrub species evenness -0 .0 705 0.0908 - 0.7369
Tree species evenness -0 .1 0 7 2 0.2254 0.1076
Total  EPC -0 .1 344 - 0.3475 0.4027
Total FPC 0.0620 -0 .1 694 - 0.0925
Total GPC 0.0142 - 0.1577 0.5008
Alnus incana SPC -0 .0 109 0.1483 0.0998
Cornus s t o l o n i f e r a  SPC -0.0921 0.0517 0.0947
Elaeagnus commutata SPC 0.8011 0.0565 0.1221
Lonicera in vo lu c ra ta  SPC -0 .2 3 5 2 - 0.0267 0.0256
Populus t r icho carpa  SPC 0.0605 0.5464 0.3271
P. t r ichocarpa  TDO 0.3146 - 0.0625 - 0.0345
Picea glauca TDO 0.7622 - 0.1737 0.0946
P. glauca TDE -0 .1 4 0 5 - 0 .0736 -0 .0 7 3 7
Sand EPC -0 .0 2 7 6 0.0162 - 0 .3820
Organ ic l i t t e r  EPC 0.0827 0.0610 0.1694
Elymus glaucus GPC 0.2321 -0 .1111 0.1790
Arab is sp -  Polemonium p u l -  
cherrîmum - Chenopodium cap­
itatum FPC - 0.0173 - 0 .0699 - 0.2199
Astragalus a lp inus -  A.
m icrocyst is  FPC -0 .0 214 0.3385 0.1867
Astragalus ro b b in s i i  FPC 0.0012 0.0513 0.1965
Chrysopsis v i l l o s a  -  Crépis  
elegans -  Er igeron compositus - 0 .0170 0.0207 -0 .2493
Equisetum sp FPC 0.0015 0.1380 0.3450
Erigeron peregrinus FPC - 0. 0760 -0 .0 049 0.0485
Fragarîa v i r g i n i a n a  FPC - 0. 1274 - 0.0996 - 0.2199
Smilacina s t e l l a t a  FPC 0. 2223 - 0.5615 - 0.0944
Solidago sp FPC - 0.1450 - 0 .1630 0.0316
Vic ia  americana FPC - 0 .0935 - 0 .0816 0.0521
Viola  adunka FPC “0.8641 0.0985 - 0.0273
Large d e a d fa l1 DPC -0 .0 6 4 0 - 0.1177 - 0.1590
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sum to near  zero on the t h i r d  d is c r im in a n t  fu n c t io n .  These v a r i a b l e s ,  
then,  are  more c h a r a c t e r i s t i c  o f  WASH-POPULUS and WASH-ELAEAGNUS hts 
which have near zero  scores on the t h i r d  fu n c t io n .
C l a s s i f i c a t i o n  re s u l ts  f o r  the wash group appear in Table  9- Of 
the 194 t ra p  s i t e s  sampled, 84 .5  percent  were c o r r e c t l y  c l a s s i f i e d ,  
the lowest percentage o f  any group. R e l a t i v e l y  low p re d ic t io n  re s u l ts  
r e f l e c t  the inherent  s i m i l a r i t y  o f  p ioneer stages and the g r e a t e r  
d i f f i c u l t y  o f  d e te c t in g  s i g n i f i c a n t  d i f f e r e n c e s  between them.
Cottonwood group. Three types comprise the cottonwood group 
(Table 1) which represents o ld e r -a g e  r i p a r i a n  h a b i t a t s .  Populus t r i ­
chocarpa is the ind ica ted  dominant and u s u a l ly  w e l l  d i s t r i b u t e d  
throughout the stand.  Alnus incana , S a l i x  sp. and Cornus sto lon  i f e r a  
are the p r in c ip a l  shrub spec ies ,  along w i th  small P̂ . t r icho carpa  
( 2 . 5  cm DBH), although t h e i r  percent  cover v a r ie s  between types.  Total  
exposed sub stra te  is o f te n  high (7 1 .7  ± 1-7 p e r c e n t ) ;  however, u n l ik e  
wash types,  i t  consis ts  p r i m a r i l y  o f  o rgan ic  l i t t e r  (56 .3  t  1 -8 per­
c e n t ) .  Undergrowth is q u i t e  v a r ie d  w ith  Agrost is  a l b a . V ic ia  americana, 
Senecio s t r e p t a n t h i f o l i u s , Gail  l a r d i a  a r i s t a t a  and Aster sp. u su a l ly  
represented (Appendix V ) .
Two d is c r im in a n t  fu n c t io n s  adequate ly  d e f in e  the cottonwood h a b i ta ts  
(Fig. 7 and Table  10) .  The DENSE POPULUS-SALIX ht is c h a ra c te r iz ed  by 
very t h i c k ,  almost impenetrable sap l ing  o r  shrub growth o f  the ind icated  
species ( 69 .8  + 9 .2  p e r c e n t ) .  Tota l  shrub cover ,  then ,  is a good 
ind ica to r  o f  t h is  type on the f i r s t  fu n c t io n  along w i th  P̂ . t r icho carpa
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Table 9* P re d ic t io n  r e s u l ts  o f  the wash group h a b i t a t s .
Actual h a b i t a t







WASH-GRAVEL 27 19 7 1 0
70 .4 25 .9 3 .7  0 .0
WASH-HERB H 8 61 3 0
11.1 84 .7 4 .2  0 .0
WASH-POPULUS 81 0 8 72 1
0 .0 9 .9 8 8 .9  1.2
WASH- 14 0 0 2 12
ELAEAGNUS 0 .0 0 .0 14.3 85 .7
Percent o f  "grouped" t ra p  s i t e s  c o r r e c t l y  c l a s s i f i e d :  84 .5
^Number o f t r a p  s i t e  samples .
^Number o f t ra p  s i t e  samples in predi cted group (a b o v e ) ,
percent o f  row (N) below.
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dens i ty  (Table  11 ) .  Equisetum sp. are  g e n e r a l l y  well  e s tab l ish ed  r e ­
l a t i v e  to the o ther  two cottonwood types.  The CORNUS-ALNUS ht  is 
d is t ingu ish ed  on the second d is c r im in a n t  func t io n  by high c o e f f i c i e n t s  
fo r  v a r ia b le s  represent ing  the two dominant shrubs (Table 11) .
W ith in  the group, t o t a l  t re e  dominance expresses, almost e n t i r e ­
l y ,  P̂ . t r ich o carp a  dominance. The two v a r ia b le s  have o f f s e t t i n g  
p o s i t iv e  and negat ive  c o e f f i c i e n t s  on both fu n c t io n s ,  and because of  
the high magnitude o f  t h e i r  w e ights ,  e s t a b l i s h  the MATURE POPULUS ht  
approximate to the zero o rd in a tes  on both dimensions in the d is c r im in ­
ant p l o t .  The mature cottonwood type appears to be c loses t  to the P̂ . 
t r ichocarpa  -  Betu la  papyri  f e r a  communities descr ibed by P f i s t e r ,  et  
al . (1977:123)  even though the l a t t e r  species was not recorded in 
th is  study.  Of the 133 t ra p  s i t e s  sampled w i t h in  the group, 100.0  
percent are c o r r e c t l y  c l a s s i f i e d  to h a b i t a t  type (Table  12) .
Conifer  group. Two c l imax h a b i t a t s ,  as described by P f i s t e r ,  
et  a l . ( 1977) ,  were recognized w i t h in  the c o n i f e r  group: the P ic e a /
Equisetum a rve n se , and the P i c e a / C l i n t o n i a  u n i f l o r a  types.  Where 
t r ichocarpa was co-dominant w ith  Picea in the former,  the precl imax  
sere was i d e n t i f i e d  as the PICEA-POPULUS ht (Table 1 ) .  Pinus con tor ta  
was occ a s io n a l ly  w e l l  e s ta b l is h e d  in both cl imax types,  e s p e c ia l l y  
in the l a t t e r .  In these cases, the sere became the PICEA-PINUS h t .
The DENSE PICEA-PINUS ht ap p l ie d  to congested stands o f  small Picea and 
Pinus contor ta  ( les s  than 15 cm DBH) w i th  l i t t l e  undergrowth. One 
sharply def ined ecotone,  the PICEA-EDGE h t ,  o c c a s io n a l ly  ex is ted  between
Fig.  7. D iscr im inant  p lo t  o f  cottonwood h a b i t a t s .  Group cen tro id s  
represent  5) DENSE POPULUS-SALIX, 6) MATURE POPULUS, and 







1.400.35 2.45- 1.75 0 .703 .5 0 3.50
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Table  10a. Exact c e n t r o id s  o f  cottonwood h a b i t a t s  in reduced space
H a b i t a t  type Function 1 Funct ion 2
DENSE POPULUS-SALl X 3.2431 - 0.2681
MATURE POPULUS - 0.2652 0 .3359
CORNUS-ALNUS - 0 . 5666 - 3 .1212
Table  10b. D is c r im in a n t  
i t a t  a n a l y s i s .  See Table  
below.
fu n c t io n  parameters o f  the cottonwood hab-  
! 3b. f o r  a d e s c r ip t i o n  o f  the parameters
Di sc r im in a n t  
funct  ion E igenva lue
R e la t i v e  Canonical  
percentage c o r r e l a t i o n
1 25.5816 7 0 . 9 9  0.981
2 10.4554 29.01 0 .955
48
Table 11. Standardized d is c r im in a n t  func t ion  c o e f f i c i e n t s  o f  the  
cottonwood group h a b i t a t s .
V a r ia b le Function 1 Function 2
Herb species richnes -0 .1312 - 0.0296
Shrub species richness 0.0247 - 0.1988
Herb species d i v e r s i t y 0.0914 0.0273
Shrub species d i v e r s i t y -0 .2 024 0.3457
Shrub species evenness 0.0591 - 0.1329
Tota l  herb cover 1 . 0666 - 0.1299
Total  DPC 0.0556 - 0.0287
Alnus incana SPC -0 .5 0 4 4 -0 .4884
Cornus s to lon i f e r a  SPC -0 .4 1 6 0 - 0.4535
Elaeagnus commutata SPC -0 .0 4 0 9 0.0298
Shepherdia canadensis SPC -0 .0 673 - 0 . 0483
Symphoricarpos albus SPC -0 .0474 0.0322
Total t re e  dominance -0 .7 835 -12 .2845
P. t r icho carpa  TDO 0.6325 12.3360
Picea glauca TDO 0.0262 0.5964
Total t re e  den s i ty 0 .0670 0.2606
P. t r icho carpa  TDO 0.2436 - 0.2382
S i l t  EPC 0.0395 - 0.0520
Organ ic 1 i t t e r  EPC -0 .0 5 3 0 - 0.0783
Bromus inermis GPC -0 .0 3 5 5 0.0489
Poa p ra tens is  GPC - 0.0832 0.0145
A. a lp inus -A .  m ic ro ­
c y s t is  FPC 0. 0349 0.0411
Berberis  r ipens FPC 0.0333 -0 .0643
Epilobium l a t i f o l i u m  FPC -0 .0 242 -0 .2 340
Equisetum sp FPC 0.1988 - 0.0129
Galium t r i f l o r u m  FPC 0.0682 0.1010
Smilacina s t e l l a t a  FPC - 0.0854 -0 .0 4 5 9
Vio la  adunka FPC 0.0591 - 0.1329
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Table 12. P r e d ic t io n re s u l ts o f  the cottonwood group hab Î t a t s .
Pred ic ted  h a b i t a t  memberships
DENSE MATURE CORNUS
Actual h a b i ta t N̂ POPULUS-SALIX POPULUS -ALNUS
DENSE POPULUS 11 1 1 0 0
-SALIX 100.0 0 .0 0 .0
MATURE 111 0 1 11 0
POPULUS 0 .0 100.0 0 .0
CORNUS-ALNUS 1 1 0 0 1 1
0 .0 0 .0 100.0
Percent o f  "grouped" t ra p  s i t e s  c o r r e c t l y  c l a s s i f i e d : 100.0
Number o f  t ra p  s i t e  samples,
^Number o f  t ra p  s i t e  samples in p red ic ted  group (above),  
percent o f  row (N) below.
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spruce and mature cottonwood or  wash types.  Since small mammals 
c o l le c te d  a t  these locat ions  could represent  two communities, PICEA- 
EDGE t rap  s i t e s  were d is t in g u is h e d  from others  in the c o n i f e r  group.
Figure 8 conta ins a d is c r im in a n t  p lo t  o f  the s ix  type centro ids  
fo r  the c o n i f e r  group. P o s i t i v e  scores on the f i r s t  funct ion  p r i m a r i ­
ly represent increasing f o r b ,  grass ,  t o t a l  exposed sub stra te  and 
contorta  dominance (Table 14) .  Negat ive scores represent  increasing  
Elymus glaucus GPC, Cornus s t o l o n i f e r a  SPC, Picea dens i ty  and sand 
EPC. PICEA/CLINTONIA and DENSE PICEA-PINUS hts are  leas t  a l i k e  on 
the pr imary a x is .
The second fu nc t io n  serves to d is t in g u is h  PICEA/CLINTONIA stands 
from other  c o n i f e r  types (Table 13) where x e r i c  grasses,  S t ipa  r i c h -  
ardsoni i , F ragar ia  v i r g i n i a n a  and Agropyron caninum tend to have 
higher cover (Appendix V ) .  Negat ive  scores on the second func t ion  
ind icate  increasing t o t a l  shrub cover ,  A. spicatum GPC, organ ic  l i t t e r  
and humus EPC. Dense PICEA-PINUS s i t e s ,  on the t h i r d  fu n c t io n ,  are  
least  l i k e  the remaining types due to g r e a t e r  P̂ . g lauca d e n s i ty ,  Ber­
ber i s r ipens and A. u va -u rs i  EPC.
Only 10.1 percent  o f  the grouped cases were i n c o r r e c t l y  c l a s s i f i e d  
to h a b i ta t  type (Table  15) .  Most dev ian t  cases o r ig in a te d  from the  
PI CEA-POPULUS h t ,  and the PICEA-EDGE ht which o f te n  revealed a t t r i b u t e s  
of two or more h a b i t a t s ,  and consequent ly ,  were d i f f i c u l t  to c l a s s i f y .  
C la s s i f ic a t io n  o f  the remaining four  c o n i f e r  types was a t  leas t  98.1 
percent c o r re c t .
Grassland group. Of a l l  communities near the NFFR, grasslands
Fig.  8. D iscr im inant  p lo t  o f  c o n i f e r  h a b i t a t s .  Group cen tro ids  rep 
sent 8) PICEA-POPULUS, 9) PICEA/EQUISETUM, 10) PICEA-PINUS,  
11) PICEA/CLINTONIA, 12) DENSE PICEA-PINUS, and 13) PICEA 















Table 13a. Exact cen tro ids  o f  c o n i f e r  h ab i ta ts  in reduced space.
H ab i ta t  type Function 1 Function 2 Function 3
PICEA-POPULUS -0 .4 8 0 8 0.2437 0.5008
PICEA/EQU1SETUM 0.2186 -0.6251 - 0.0350
PICEA-PINUS 2.9273 -0 .7155 -0.4941
PICEA/CLINTONIA 3.3276 5.3910 -0.7611
DENSE PICEA-PINUS - 1 .4 175 0.3187 - 3.9015
PICEA EDGE -0 .6 218 0.8693 0.4326
Table 13b. D iscr im inant  func t ion  parameters o f  the c o n i f e r  h a b i ta t  
ana lys is .  See Table 3b. f o r  a d e s c r ip t io n  of  the parameters below.
Discr iminant
funct ion Eigenvalue
R e la t iv e
percentage
Canon i cal 
c o r r e l a t  ion
1 6.0969 36.06 0 .927
2 4.8306 28.57 0.910
3 3.4016 20.12 0.879
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Table 14. Standardized d is c r im in a n t  fu n c t io n  c o e f f i c i e n t s  o f  the  
c o n i fe r  group h a b i t a t s .
Var iab le Function 1 Function 2 Function 3
Tree species richness -0 .1 7 8 4 0.0949 0.0593
Shrub species d i v e r s i t y - 0 .0098 0.2103 0.0818
S truc tu ra l  d i v e r s i t y - 0.1183 0.0355 -0 .1402
Total EPC 0.4939 0.5022 0.0182
Total FPC 0.5293 - 0 . 1556 - 0.0252
Total GPC 0.5206 -0 .1 148 0.1721
Total SPC 0.2081 -0 .6 107 0.0231
Alnus incana SPC -0 .1 1 1 8 0.2997 - 0.0592
Cornus s t o l o n i f e r a  SPC - 0.3081 0.4020 -0 .0419
Populus t r ich o carp a  SPC - 0 .1926 0.1916 0.0563
Pinus con tor ta  TDO 0.2763 - 0 .1526 - 0.1290
P. t r ichocarpa  TDE 0.0951 0.0049 0.2241
Picea qiauca TDE -0 .2 8 4 4 0.1250 - 0.8253
Sand EPC - 0 .2286 0.0066 0.1354
S i l t  EPC - 0.0015 - 0.2173 0.0113
Organic 1 Î t t e r  EPC - 0.2030 -0 .3 784 0.1192
Humus EPC 0.1069 - 0.3270 - 0.0743
Other s o i l  types EPC -0 .0 024 - 0.2078 -0 .1218
Aqrostis alba GPC - 0.1351 0.0867 - 0.2150
Aqropyron caninum GPC 0.1869 0.1489 - 0.0538
Elymus glaucus GPC - 0.3854 0.1191 0.0431
Danthonia intermedia GPC -0 .1 7 0 4 - 0.0257 0.1003
Aqropyron spicatum GPC - 0.1771 -0 .4 607 0.2330
Stipa r ich ard so n i i  GPC 0.0044 0.6035 -0 .1 2 4 6
Xeric grasses GPC 0.0894 0.6775 -0 .2057
Arctostaphylos uva -urs i  FPC - 0.1988 - 0.0584 - 0.1939
Berberis r ipens FPC - 0.0512 0.0790 - 0.3607
Fraqaria v i r q in ia n a  FPC 0.2683 0.2562 - 0.0902
Hedysarum sulphurescens FPC 0.0129 0.0097 0.1697 ,
Linnaea boreal is FPC - 0 .1270 -0 .1 126 0.2174
Pyrola sp -  T r i l l i u m  ovatum 
FPC 0.0631 -0 .1 1 0 4 0.0855
Senecio s t r e p t a n t h i f o l i u s  FPC 0.0508 0.1486 0.0773
Sol idaqo S P  FPC -0 .1221 0.1377 0.0571
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were t re a te d  le a s t  e x te n s iv e ly  in t h is  study.  Grasslands did not 
form a major component o f  the F loodpla in  system, and were encountered  
p r im a r i l y  on assessment l in e s  extending in to  ad jacent  types.
Included in the group Is the Pseudotsuga m enz ies i i /Fes tuc a  
s ca b re l la  savanna type ( P f i s t e r ,  e t  a l . 1977=38) which,  except fo r  
the d i f f u s e  canopy o f  P̂ . menziesi i , e x h ib i t s  many c h a r a c t e r is t i c s  o f  
the grasslands tha t  u s u a l ly  border i t .  The HERB OPENING ht (Table 1) 
re fers  to openings in MATURE POPULUS stands where the t r e e  canopy is 
lacking,  and undergrowth appears to represent  an in te r e s t in g  mixture  
of cottonwood and grass land types.  Exposed sub stra te  o f te n  e x h ib i ts  
signs of  f lood ing  where organ ic  l i t t e r  has been washed away and 
sediments deposited .  The mesic and x e r i c  NFFR grasslands are  described  
by Koterba and Habeck (1971 ) .  B r i e f l y ,  d r i e r  s i t e s  are dominated by 
Ag ropyron sp icatum, Festuca idahoens i s , Er igonum flavum and Sedum 
stenopetalurn. The more mesic s i t e s  are represented by Festuca sca­
b r e l l a , Geranium viscos i ss imum, DanthonI a i ntermed i a and Geum t r i f l o r u m .
Two d is c r im in a n t  func t io ns  e f f e c t i v e l y  c h a ra c te r iz e  the four  
grassland types (F ig .  9 and Tab le  16 ) .  High p o s i t iv e  values on the 
f i r s t  func t ion  (Table 17) in d ic a te  increas ing t o t a l  grass cover ,  Ber­
beris r ipens and t o t a l  FPC, Bromus inermis GPC, and t o ta l  t re e  dominance. 
Total t re e  dominance main ly  represents  P̂ . menzies i i (Appendix V) , since  
no other p r in c ip a l  t r e e  species a t t a i n s  high dominance on grassland s i te s  
Both PSEUDOTSUGA/FESTUCA ht  and XERIC GRASSLAND ht a t t a i n  high p o s i t iv e  
scores on the f i r s t  fu n c t io n .  Negat ive  scores,  i n d ic a t i v e  o f  HERB- 
OPENING s i t e s ,  a re  produced by the neg at ive  c o e f f i c i e n t s  o f  alba GPC
Table  15- P r e d ic t io n  r e s u l ts  o f  the c o n i f e r  group h a b i t a t s .
Actual group N^













PICEA- 36 32 3 0 0 0 1
POPULUS 88 .9 8 .3 0 ,0 0 .0 0 .0 2 .8
PICEA/ 52 1 51 0 0 0 0
EQUISETUM 1 .9 98.1 0 .0 0 .0 0 .0 0 .0
PICEA-PINUS 6 0 0 6 0 0 0
0 .0 0 .0 100.0 0 .0 0 .0 0 .0
PICEA/ 2 0 0 0 2 0 0
CLINTON!A 0 .0 0 .0 0 .0 100.0 0 .0 0 .0
DENSE 5 0 0 0 0 5 0
PICEA-PINUS 0 .0 0 .0 0 .0 0 .0 100.0 0 .0
PICEA EDGE 18 7 0 0 0 0 11
3 8 .9 0 .0 0 .0 0 .0 0 .0 61 .1
Percent o f  "grouped " t ra p s i t e s  c o r r e c t l y  c l a s s i f i e d :  89-9
^Number o f  t ra p  s i t e  samples.




and 2 '  s t r e p t a n t h i fo l  I us FPC; two herbs which r e f l e c t  an assoc ia t ion  
with  grassland and cottonwood groups.
The second func t ion  is useful  in d is t in g u is h in g  PSEUDOTSUGA/
FESTUCA s i te s  from MES IC GRASSLAND ht (F ig .  9 0 ) .  The l a t t e r  are  
t y p i f i e d  by g r e a t e r  Smilacena s t e l l a t a  cover ,  t o t a l  forb  and grass 
cover, and V ic ia  americana cover (Appendix V ) .
P red ic t io n  re s u l ts  in Table 18 imply th a t  the d isc r im in an t  ana lys is  
of grassland types is successful to a high degree.  One hundred per ­
cent o f  grouped cases are c o r r e c t l y  c l a s s i f i e d .  However, due to small 
sample s i z e s ,  w i t h in  each type ,  the ana lys is  may not adequately  
represent s p e c i f i c  type c h a r a c t e r i s t i c s ,  and should not be considered  
a complete synopsis.  For the purposes o f  t h is  r e p o r t ,  the ana lys is  
does show s i g n i f i c a n t  environmental  d i f f e r e n c e s  between grassland  
group t r a p s i te s ,  and permits the comparison o f  small mammal community 
parameters between them.
Mamma 1 commun i t i e s
Floodplain fauna . The NFFR F loodp la in  fauna is r e l a t i v e l y  d iverse  
and includes most c h a r a c t e r i s t i c  species o f  lower e leva t ions  from 
northwestern Montana (Hoffmann and P a t t i e  1968, Hoffmann, e t  a l .  1969).  
The m a jor i ty  o f  species are  permanent r e s id e n ts ;  however, the residency  
of some is r e s t r i c t e d ,  though p r e d i c t a b l y ,  to p a r t i c u l a r  seasons o f  
the year or  occasional wanderings (Table  19 ) .  See Singer (1975, 1978) 
for  discussions o f  Ursus arc tos  and a r t i o d a c t y l  h a b i t a t  preferences  
with in  the Drainage.
Fig.  9. D iscr im inant  p l o t  o f  grassland h a b i t a t s .  Group c e n t ro id s  
represent  14) HERB OPENING, 15) PSEUDOTSUGA/FESTUCA, 16) 









3.50 3.50- 2.80 0.35 1.401.75 - 0.70 2.45
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Table 16a. Exact cen tro ids  o f  grassland h a b i ta ts  in reduced space
H a b i ta t  type Function 1 Function 2
HERB OPENING - 0.6244 - 0 .2 748
PSEUDOTSUGA/FESTUCA 3.1521 - 2.0994
MESIC GRASSLAND 0.3917 2.6722
XERIC GRASSLAND 1.3534 - 0.1061
Table l6b. D iscr im inant  func t io n  parameters o f  the grassland h a b i ta t  
ana lys is .  See Tab le 3b. f o r  a d e s c r ip t io n  o f  the parameters below.
Discr iminant  R e la t i v e  Canonical
funct ion Eigenvalue percentage c o r r e l a t io n
20.5171 64 .38  0 .976
8.3545 26.21 0.945
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Table 17* Standardized d is c r im in a n t  fu nc t io n  c o e f f i c i e n t s  o f  the  
grassland group h a b i t a t s .
V a r ia b le Function 1 Funct1 on
Herb species richness -0 .1341 0.0839
Total  EPC 0.2268 0.9277
Total  FPC 0.5089 0.6337
Total  GPC 0.7967 0.5807
Alnus incana SPC - 0.0311 0.2318
Elaeaqnus commutata SPC 0.1012 -0 .4 3 4 6
Shepherdia canadensis SPC 0.0725 - 0.1208
Symphoricarpos albus SPC 0.0229 0.1883
Total t r e e  dominance 0.1437 - 0.2778
Total  t re e  d en s i ty -0 .1 677 0.0033
Organ i c 1 i t t e r  EPC O.O6 I 3 - 0.2092
Other soi 1 types EPC 0.0295 0.0205
Aqrostis  a lba  GPC - 0.2498 - 0.0994
Aqropyron caninum GPC -0 .1 124 0.1068
Bromus inermis GPC 0.2198 - 0.0780
Poa p ra tens is  GPC 0.0262 - 0.4321
St ipa  r ic h a r d s o n i i  GPC -0.0541 0.0495
Berberis  r ipens FPC 0.5104 0.1450
Senecio s t r e p t a n t h i f o l lus FPC -0 .2163 0.2220
Smilaclna s t e l l a t a  FPC -0 .1 2 4 6 0.6667
V Ic Ia  americana FPC - 0.1261 0.3284
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Table 18. P re d ic t io n re s u l ts  o f the grassland group h a b i t a t s .
Pred ic ted  h a b i t a t  membership^
HERB PSEUDOTSUGA MESIC XERIC
Actual h a b i t a t N̂ OPENING /FESTUCA GRASSLAND GRASSLAND
HERB OPENING 47 47 0 0 0
100.0 0 .0 0 . 0  0 .0
PSEUDOTSUGA 2 0 2 0 0
/FESTUCA 0 .0 100.0 0 .0  0 .0
MESIC 7 0 0 7 0
GRASSLAND 0 .0 0 .0 100.0 0 .0
XERIC 15 0 0 0 15
GRASSLAND 0 .0 0 .0 0 .0  100.0
Percent o f  "grouped" t ra p  s i t e s c o r r e c t l y  c l a s s i f i e d :  100.0
Number o f  t ra p  s i t e  samples
^Number o f  t ra p  s i t e  samples in p red ic ted  group (above) ,  
percent o f  row (N) below.
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Table 19« Species o f  mammals recorded on the F loodpla in  o f  the North 
Fork o f  the Flathead R iver  by t h is  survey. Total  number o f  i n d i v i ­
duals obta ined by removal t rapping is shown in parentheses on the l e f t ;  
to ta l  number o f  l i v e  t ra p  captures appears to the r i g h t .  Resident  
status ca tego r ies  are as fo l lo w s :  R -  r e s id e n t ;  S -  seasonal r e s i ­
dent; T -  t r a n s i e n t .
Resident s ta tus
Order Chi rop te ra  
Family V e s p e r t i 1 ion Idae 
Myot i 5 sp. R
Eptes i eus fescus ? R
Las io n y c te r i  s noctIvagans ? R
Order In s e c t iv o re  
Family S o r ic idae
Microsorex hoyi ( 1 ,0 )  R
Sorex cinereus ( 1 1 , 0) R
Sorex vagrans (3 5 ,8 )  R
Order Lagomorpha 
Family Leporidae  
Lepus americanus R
Order Rodentia 
Family S c iur idae  
Eutamias amoenus (42 ,399 )  R
Spermoph Î 1 us columb i anus T
Tamiasciurus Hudson i eus R
G1aucomys sabrinus (O,3)  R
Family Geomyidae 
Thomomys t a l p o i des (3 ,0)  T
Family Castoridae  
Castor canadens i s R
Fami1 y Cri cet  î dae
Peromyscus manîculatus (360 ,1206  R
Clethrîonomys gapperî  (144 ,128 )  R
Phenacomys intermedius ( 0 ,2 )  R
Mjcrotus pennsy 1 van î eus (7 ,  8
Microtus longicaudus ~(42,44)  R
Ondatra z ib e th ie u s  R
Fami1 y Zapodidae
Zapus princeps (4 9 ,2 3 )  R
Order Carn ivora  
Family Canidae 
Can i 5 la t r a n s  T
(Continued on fo l lo w in g  page)
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Resident s ta tus
T ab le  19* Cont inu ed .
Order Carn ivora (cont inued)  
Family Ursidae  
Ursus amer Icanus 
Ursus arctos
Family Muste l idae  
Martes pennant 1 
Mustela erminea  
Mustela f re n a ta  
Mustela vison
Gulo gulo  
Lutra canadensis  
Family Fe l Idae  
F e l is  concolor  
Lynx lynx  
Order A r t io d a c t y l a  
Family Cervidae  
Cervus elaphus  
Odocoi1 eus hemionus 
Odocoileus v i r g in ia n u s  
Alces alces
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Black bears (L[. amer!canus) , observed as l a t e  as 11 August, probably  
ex p lo i te d  F loodpla ins  dur ing a l l  seasons o f  a c t i v i t y ,  as did Mustela  
vison and erm inea. The o t t e r  ( Lutra canadens i s) was observed regu­
l a r l y  in w i n t e r ,  but i t s  presence in summer was not p o s i t i v e l y  e s tab ­
l ish ed .  Other ca rn iv o re  spec ies ,  re q u i r in g  large home ranges (Wilson 
1975:34) ,  p e r i o d i c a l l y  v i s i t e d  F loodpla ins during both f i e l d  seasons.
Gulo g u l o , Lynx 1ynx and Martes pennant i were ra re  and may not be
observed on the F loodpla in  in any given year .
A few species were expected but not encountered. The porcupine  
( Erethizon dorsaturn), red fox ( Vulpes v u l p e s ) , and raccoon ( Procyon 
lo to r )  occur in the upper Flathead River  Drainage and probably in h a b i t  
the NFFR area .  Porcupines have been reported from high e leva t io n s  
in the L iv ingston  Range (DeSanto personal communication).  Sorex p a l -  
u s t r i s , Eutamias ru f  i caudus, and Synaptomys b o re a l i  s , known from the 
NFFR dra inage,  were not recorded in t h is  study. £ .  ruf icaudus and 
boreal is are r e s t r i c t e d  e c o l o g i c a l l y  to  p a r t i c u l a r  h a b i t a t s ,  and 
perhaps occupied areas away from the F loodp la in ;  the former in sub­
a lp ine  coniferous f o r e s t ,  and the l a t t e r  in "sedge-a lde r  bogs w i t h in  
or on the edge o f  dense spruce -  f i r  and lodgepole f o r e s t "  (Hoffmann 
and P a t t i e  1968) .  Poss ib le  p a l u s t r i s  sign was observed 6 January 
1977 near a small stream in the PICEA/EQUISETUM ht on p l o t  6.  Assess­
ment l in e  traps set along the stream in summer (Appendix I ) ,  however,
did not capture the w ater  shrew.
The marten (Martes americana)  and the b u s h y - ta i le d  woodrat (Neotoma
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c in e r e a ) were common adjacent  t o ,  but absent from the F loodpla in  The 
former occupied con iferous f o r e s t  s i t e s  (see Hawley 1955, Weckwerth 
1957, and Jonkel 1958) ,  and the l a t t e r  was noted p a r t i c u l a r l y  in 
Park b u i ld ing s  and abandoned homesteads.
Small bats ( Myotis sp . )  and l a r g e r  bats (probably  Eptesicus fuscus 
and/or L a s io n y c te r is  noct i vagans) were observed on several  occasions  
f l y i n g  over  the R iver  and nearby c le a r in g s .  Two mist ne ts ,  set fo r  
one night  near the Po lebr idge Ranger S ta t io n  and two n ights  at the  
confluence o f  Ford Creek and the NFFR, produced no bats to a l lo w  p o s i t iv ;  
i d e n t i f i c a t i o n .  I witnessed several  in d iv id u a ls  approach nets and 
abrupt ly  a l t e r  t h e i r  f l i g h t  path ,  as i f  d e te c t in g  and avoid ing the  
nets. Attempts to mis t  net bats were then abandoned. One specimen 
of Myotis luc i fugus  was found dead on the f l o o r  o f  Beaton's abandoned 
homestead about 3*2 km north  o f  the Ranger S ta t io n  (F ig .  1 ) .
The s in g le  specimen o f  Microsorex hoyi (Table  19 ) ,  a parous female  
( 91.0  -  31 .0  -  8 .5  -  6 . 5 , 4 .5  g ) , represented a new record f o r  GNP, 
and the f i r s t  reported pigmy shrew captured in a snap t rap  in Montana.
The new specimen was obta ined  8 August 1976 in the PICEA-POPULUS ht 
on p lo t  6 ( t r a p  s i t e  1 in Appendix I f )  w i t h in  10 m o f  the WASH ELAEGNUS 
ht ,  and 20 m from the PICEA/EQUiSETUM h t .  The t ra p  s i t e  showed signs 
of f looding in 1976, but not in 1977.
Microsorex hoyi has been found in a v a r i e t y  o f  h a b i ta ts  (Long 1972),  
so i ts  presence on the r e l a t i v e l y  dry  F loodp la in  s i t e  was not s u rp r is in g .  
Koford ( 1938) reported a Montana specimen w i t h in  100 f t  o f  the Thompson
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River  in open ponderosa pine f o r e s t  o f  l i t t l e  undergrowth, and Conaway 
(personal communication in Brown 1967) captured hoyi in dry areas 
of c le a r c u t  f o r e s t  having dense ground cover.  Since only  one specimen 
was o b ta ined ,  l i t t l e  can be said on the d i s t r i b u t i o n  and abundance 
of the p o p u la t ion .  The presence o f  a parous female, however, suggested 
that  a d d i t io n a l  in d iv id u a ls  were in the area .
The s u b sp ec i f ic  type o f  the new specimen is u n c lea r .  The nearest  
conspec i f ic  popu la t ion  is from the U n iv e r s i t y  o f  Montana B io log ica l  
Stat ion  on Yellow Bay, F lathead Lake, Lake County (Hoffmann, e t  a l .
1969) ;  and has been i d e n t i f i e d  independently  by L. N. Brown and H. W. 
Setzer as M. h_. washi ngton i i (Wright personal communication).  However,  
the GNP specimen not only  f i l l s  the gap between the ranges o f  another  
subspecies, ĥ . hoyi , in B r i t i s h  Columbia and M̂. ĥ . washingtoni i , but 
also appears in te rm ed ia te  to both subspecies on the basis o f  c r a n ia l  
measurements. Because the species is reported only  r a r e l y  from is o la te d  
regions in the western United Sta tes  (Jackson 1928, Pettus and Lech- 
l e i t e r  1965, Brown 1966, Hoffmann e t  a l .  I 969) ,  i n s u f f i c i e n t  informat ion  
exists  on the actual  d i s t r i b u t i o n  and c r a n ia l  v a r i a t i o n  o f  subspecies  
to permit p o s i t i v e  s u b s p e c i f ic  i d e n t i f i c a t i o n .
P lot  and y e a r ly  e f f e c t s . Fol lowing the advice o f  Hayne (1978 ) ,  
the data from r e p l i c a t e  p lo ts  and years was not combined i n i t i a l l y  so 
that v a r i a t io n  between t reatm ents  could be analyzed.  R e la t i v e  d e n s i t ie s  
from Floodplain snap t ra pp ing  ( i . e .  Calhoun l i n e  t rapp ing)  appear in 
Figure 10. No species showed s i g n i f i c a n t  changes in abundance between
Fig.  10. R e la t iv e  d e n s i t i e s  o f  small mammals on 4 snap t ra p  p lo t s .
Cross-hatching in d ic a te s  1976 d a t a ,  dark s t i p p l i n g  indicates  
1977 data .  Abbrev ia t ions  are  as f o l l o w s :  Pm -  Peromyscus
m a n ic u la tu s ; Zp -  Zapus p r i n c e p s ; Cg -  C1ethr ionomys gap- 
per I ; Ml -  Microtus long i caudus », Sv -  Sorex vagrans ; Sc - 
Sorex c in e r e u s ; Ea -  Eutamias amoenus; Mp -  Microtus penn­
sy 1 van i eus ; Mh -  M icrosorex hoy I ; Th -  Thomomys t a lp o id e s .
4 .2
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e a r ly  summer t rapping (pooled data  from p lo ts  2 and 3) and l a t e  summer 
t rapping (pooled data  from p lo ts  5 and 6 ) .  Peromyscus maniculatus was 
the dominant small mammal on a l l  p lo ts  in both years.
in 1976, 2 '  maniculatus numbers were unevenly d i s t r i b u t e d  between
plots  (X^ P < . 0 0 l ) .  P lo t  5 had more deer mice than expected,  and p lo t
6 less.  In 1977, d i f f e r e n c e s  between p lo ts  were only m a rg in a l ly  
2
s i g n i f i c a n t  (X P<. 10) .  The decrease o f  Peromyscus on p lo t  5,  and 
i ts  increase on p lo t  6 in 1977 were both s i g n i f i c a n t  (X P < .0 5 ) ,  
and con tr ibu ted  to lessening the v a r i a t i o n  between p lo ts  in tha t  year .
On p lo ts  2 and 3,  Peromyscus were not s i g n i f i c a n t l y  d i f f e r e n t  between 
years (X P > .2 0 ) ,  and when a l l  p lo ts  were combined, t o t a l  catch rates  
in 1977 were not s i g n i f i c a n t l y  d i f f e r e n t  from t o t a l  catch rates in 
1976 (X^ P < .9 0 ) .
Other r a r e r  species f lu c tu a te d  considerab ly  in r e l a t i v e  abundance 
between p lo ts  and years .  G enera l ly  two species ( e i t h e r  Zapus p r in c e p s , 
Microtus longicaudus or  Clethrionomys gapper i )  were codominant w i th  
Peromyscus on any given p l o t .  Both pr i nceps and 14. 1 ong i caudus 
populations were s i g n i f i c a n t l y  d i f f e r e n t  between p lo ts  (X P<.02)  
and years (X P < . 0 0 l ) .  Both were less abundant in 1977 over a l l  p lo t s ;  
except on p lo t  5 where princeps had r e l a t i v e l y  low but s i m i l a r  
numbers in 1976 and 1977. During the f i r s t  sampling season, Zapus 
was more abundant than expected on p lo t  3 where longicaudus was leas t  
numerous. in the second sampling season, longicaudus was too 
rare fo r  s ig n i f i c a n c e  t e s t i n g ,  and Zapus catch rates showed no s i g n i -
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f l e a n t  d i f f e r e n c e s  between p l o t s .  Clethrîonomys g a p p e r i , Sorex vagrans , 
and c inereus showed no s i g n i f i c a n t  populat ion  d i f f e r e n c e s  between 
plots  in 1976 (X^ P > .1 0 ) .  In 1977» the r e l a t i v e  abundance o f  each 
was s i g n i f i c a n t l y  lower (X P<.005)  over  a l l  p l o t s ,  but could not 
be s t a t i s t i c a l l y  compared between p l o t s .
The Eutamias amoenus sample was q u e s t io n a b le ,  since V ic t o r  mouse­
sized traps may not have been an adequate capture  dev ice .  Several  
uncaptured animals were noted a t  the te rm in a t io n  o f  sampling. Assuming 
a constant response to t ra p s ,  however, s i g n i f i c a n t  populat ion  d i f f e r -  
ences ex is ted  between p lo ts  and years (X P < .0 5 ) .  Abundance was 
grea te r  in 1977, due to s i g n i f i c a n t l y  more animals on p lo ts  5 and 6 
(X P < .001 ) .  Microtus pen nsy lvan icus , Microsorex hoyi and Thomomys 
ta lpoides were too ra re  f o r  a reasonable an a lys is  o f  p lo t  d i s t r i b u t i o n .  
I n t e r e s t i n g l y ,  each was obta ined  from on ly  one p l o t .
As noted in severa l  cases,  popula t ions diminished considerably  
in 1977. Popula tions o f  small mammals have been known to f l u c t u a t e  
from time to t ime,  and the d e c l in e  noted during the second f i e l d  season 
was w i th in  the l i m i t s  o f  o s c i l l a t i o n  reported by Hansen and F le h a r ty  
( 1974) ,  P i t e l k a  ( 1 9 5 7 ) ,  and Pearson (1971 ) .  Although f lu c t u a t i o n s  
ra re ly  have been a t t r i b u t e d  to a s in g le  u l t i m a t e  cause (L id ic k e r  1 9 / 8 ) ,  
the NFFR small mammals experienced in 1977 an extremely  harsh w in te r  
which probably induced the general  d e c l in e  o f  th a t  year .  By l a te  
January, temperatures remained low (mean temperature f o r  January was 
“ 17 .3°C) ,  yet snow depth was o n ly  16 cm in exposed a reas ,  and d i s -
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continuous under the f o r e s t  canopy. The ground sur face  was usu a l ly  
uncovered around the base o f  t r e e s ,  and o f te n  coated w i th  a la y e r  o f  
ice.  Elsewhere, snow consis tency was g r a n u la r  or c rus ty .  Snow 
cond i t ions ,  then,  provided i n s u f f i c i e n t  in s u la t io n  during cold (John­
son 1957, P r u i t t  1970) ,  and probably increased m o r t a l i t y .
Even though the i n t e r v a ls  between sampling bouts were g re a te r  
than the minimum of  s ix  months recommended by Calhoun (1956 ) ,  and 
l i v e  trapping re s u l ts  a lso  showed a popula t ion d e c l in e  in 1977,  
snap t rap  m o r t a l i t y  in 1976 may have in f luenced re s u l ts  o f  the f o l l o w -  
in f i e l d  season. The species which diminished during both l i v e  and 
removal t rapping (C_. gapper i  , 14. long icaudus and vagrans) probably  
were a f fe c te d  most by the harsh w i n t e r ,  s ince l i v e  sampling acted as 
a control f o r  removal e f f e c t s .  Converse ly,  species which dec l ined  
during snap t ra p p in g ,  but increased or  remained the same during both 
seasons o f  l i v e  t rapp ing  (^.  princeps and £ .  amoenus) experienced  
p ro p o r t io n a te ly  less w in t e r  m o r t a l i t y .  The l a t t e r  two species,  o f  
course, are h iberna tors  and might not have experienced the same kind 
of exposure caused by inadequate snow cover.
Abundance d i f f e r e n c e s  between p lo ts  are  somewhat more d i f f i c u l t  
to assess. C e r t a i n l y ,  no two r e p l i c a t e  p lo ts  in na ture  are i d e n t i c a l ,  
and the types o f  h a b i t a t s  on each a f f e c t  t h e i r  composition o f  small 
mammals. In a d d i t i o n ,  NFFR F loodp la ins  are  small enough to be i n ­
fluenced by immigration from c lose  by and more s t a b le  communities.
The small mammal composit ion o f  bordering h a b i t a t s ,  then should be
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another source o f  i n t e r - p l o t  v a r i a t i o n .
Clethrionomys and Sorex sp. were h a b i ta t  r e s t r i c t e d  to c o n i f e r ­
ous types,  ye t  e q u a l ly  abundant between p lo ts .  E v id e n t ly ,  r e l a t i v e l y  
s i m i l a r  amounts o f  con iferous h a b i t a t  were sampled on each p l o t .
Since c o n i f e r  f o r e s ts  were not p r o p o r t io n a t e ly  la rge  on Floodplains  
however, the r e l a t i v e  dominance o f  £ .  gapperi and Sorex sp. was not 
great  on any one p l o t .  Compared to F loodp la ins ,  Weckwerth (1957)  
and Jonkel (1958) reported g r e a t e r  dominance o f  C_. gapperi  and Sorex 
sp. from continuous lodgepole and mixed f o r e s t  p lo ts  a t  higher  
e leva t ions  in the Drainage.
P lo t  d i f f e r e n c e s  in Peromyscus popula t ions could not be a t t r i b u t e d  
to any h a b i ta t  d i f f e r e n c e s  between p l o t s .  Peromyscus has been known 
to occupy a v a r i e t y  o f  h a b i ta ts  (Baker 1968) ,  and was expected to  
e x p lo i t  a l l  a v a i l a b l e  F loodp la in  h a b i t a t s .  Apparent ly ,  deer mouse 
abundance on p lo t  5 and s c a r c i t y  on p lo t  6 were caused by o ther  than 
h ab i ta t  re la te d  f a c to r s  in 1976, e s p e c i a l l y  since th is  trend was 
reversed in 1977.
The r e l a t i o n s h ip  o f  small mammal communities ad jacent  to the  
Floodpla in ,  to communities on the F loodp la in  was im p l ied ,  in p a r t ,  
by assessment l i n e  r e s u l t s  (Table  2 0 ) .  When compared to F loodpla in  
r e s u l ts ,  the r e l a t i v e  dominance o f  maniculatus and M̂. long i caudus 
in adjacent  communities tended to  c o r r e l a t e  d i r e c t l y  on each p l o t .
On Floodplains where each was w e l l  e s t a b l i s h e d ,  a corresponding high 
abundance was noted ad jacent  to  th a t  F lo o d p la in .  Thus, manicu1atus
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and M_. long î caudus on F loodpla ins tended to s im ula te  the in su la r  nature  
of  populat ions occupying " h a b i t a t  is lands"  (MacArthur and Wilson,  
1967:114) .  Ĉ. gapperi  e x h ib i te d  a s i m i l a r  response on p lo ts  2 and 5
where the only  a v a i l a b l e  spruce h a b i t a t  was completely  surrounded 
by x e r ic  grassland and wash types.  Clethrîonomys was removed from 
the F loodpla in  by the s ix te e n th  day o f  t ra p p in g ,  and only  two red-  
backed voles were recorded during assessment l i n e  t rapping on those 
p lo ts .  The s i t u a t i o n  was reversed on p lo ts  3 and 6,  which were 
bordered by n e a r ly  continuous c o n i f e r  stands. There , Clethrionomys  
persisted  throughout Calhoun l i n e  t ra p p in g ,  and was abundant along 
assessment 1 i nes .
F loodpla in  populat ions o f  Zapus princeps and Sorex sp. ex h ib i te d  
only a vague a s s o c ia t io n  w i th  populat ions a d jo in in g  the F loodp la in .  
Zapus was most abundant on p lo ts  3 and 6,  however,  assessment l ines  
sampling the adjacent  c o n i f e r  stands captured few in d iv id u a ls .  The 
m obi l i ty  o f  Zapus probably reduced the in f luenc e  o f  " h a b i t a t  is lands"  
on i ts  d i s t r i b u t i o n .  Jumping mouse home ranges have been shown to  
be considerably  l a r g e r  than those o f  Peromyscus or  Microtus (Brown
1970) ,  fo r  example, so d is tan ce  b a r r i e r s  between p re fe r re d  h a b i ta ts  
would have to be much g r e a t e r  before  an is land e f f e c t  was detec ted .
Plot  and year e f f e c t s  on the v a r i a t i o n  in small mammal d i v e r s i t y  
are displayed in Table 21. G e n e r a l ly ,  no s i g n i f i c a n t  d i f fe re n c e s  
existed between p lo ts  in any g iven year .  Between years ,  however, 
d iv e r s i ty  was g r e a t e r  and community dominance lower when to ta l  abundance
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Table 20. Catch r a t e  per 100 t ra p  nights along assessment l ines  by 
snap t rap  p l o t .  Data from both years combined.
P lo t
Species 2 3 5 6
A
(s)
P. maniculatus 3 .39 3.91 5.58 2 .22 3 .78
( l . ' tO )
Z. princeps 0 .26 0.13 0 .13 0 .00 0 .13
(0 . 11)
C. gapperi 0 .00 4 .70 0.26 11.5 4 .06
( 5 . 43)
M. longicaudus 1 .44 0 .00 0 .0 0 0 .00 0 .36
(0 . 72)
S. vagrans 0.13 0 .00 0.13 0 .52 0 .20
( 0 . 23)
S. cinereus 0 .0 0 0 .13 0 .0 0 0 .3 9 0 .13
( 0 . 18)
E. amoenus 0 .52 0 .00 0 .26 1.69 0.62
(0 .7 5 )
_M. pennsylvanicus 0 .2 6 0 .00 0 .78 0.13 0 .29
(0 .3 4 )
M. hoyi 0 .0 0 0 .00 0 .00 0 .00 0 .00
T. ta lpoides 0.00 0 .00 0 .00 0 .00 0 .00
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was higher in 1976. Lower r e l a t i v e  d e n s i t i e s  in 1977 corresponded w ith  
the disappearence o f  r a r e r  spec ies ,  the reduction o f  d i v e r s i t y ,  and 
the increase in r e l a t i v e  dominance of  the few species remaining. The 
e q u i t a b i l i t y  o f  abundance between species (evenness) a lso  become lower 
as dens ity  and the number o f  species decreased. The v a r i a t i o n  in 
d i v e r s i t y  and evenness (s in Tab le 21) was somewhat less between p lo ts  
when dens ity  was g r e a t e r ,  suggesting a s t a b i l i z i n g  e f f e c t  o f  the 
l a t t e r .  These r e s u l t s  were co n tra ry  to those presented by Krebs and 
Wingate (1976) f o r  the small mammals o f  n o n - r ip a r ia n  h a b i ta ts  from 
the Kluane Region, Yukon T e r r i t o r y .  They found no d i f f e r e n c e s  in 
d i v e r s i t y  values between years o f  high abundance (1973) and low 
abundance (1974 ) .  When compared to the NFFR F lo o d p la in ,  average d i v e r ­
s i t i e s  from the Kluane Region were lower by 0 .34  natura l  b e l s fo r  
the h ig h -d en s i ty  y e a r , and g r e a t e r  by 0 .2 7  natura l  b e l s in the low- 
density  year .  Kluane communities, then,  were more s ta b le  w ith  
respect to  d i v e r s i t y  during abundance f l u c t u a t i o n s .  Combining p lo ts  
and years ,  NFFR F loodpla in  d i v e r s i t y  (number of  small mammal species)  
was s i m i l a r  to  the NFFR f o r e s t  d i v e r s i t y  of  p lo ts  trapped by Weckwerth 
(1957) and Jonkel ( 1 9 5 8 ) .  During 1976, however,  F loodpla in  d i v e r s i t y  
was g rea te r  by an average o f  1.82 species .
As in d ic a te d ,  F loodp la in  small mammal d i v e r s i t y  responded d i f f e r ­
ent 1 y to changes in o v e r - a l l  abundance than did d i v e r s i t y  in oldei  
aged, more s ta b le  h a b i t a t s .  A p l a u s i b l e  exp lan a t ion  is tha t  Flood­
plains provide a v a r i e t y  o f  environmental regimes which p e r i o d i c a l l y
Table  21. Small mammal community dominance, species r ichness ,  B r i l l o u i n ' s  d i v e r s i t y  and evenness 




Parameter  2 3 5 6 2 3 5 6 1976 1977
B r i l l o u I n ' s
d i v e r s i t y  1.32 1.32 1.07 1.42 0 .2 7  0 .63  0 .9 2  1.12 1.29 0 .73
( 0 .1 5 )  (0 .3 6 )
Evenness 0 .7 8  0.71 0 .5 4  0 .69  0 .27  0 .39  0 .65  0 .75  0 .6 8  0 .52
( 0 . 10) ( 0 . 22)
Commun i ty
dominance 0.71 0 .7 6  0.81 0 .72  0 .97  0 .88  0 .8 6  0 .76  0 .75  0 .87
( 0 .0 5 )  (0 .0 9 )
Species
r ichness 6 7 8 9  3 6 5 5  7 .50  4 .7 5
( 1 . 26 ) ( 1 . 2 9 )
.fr.
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are abandoned by some species because o f  f lood ing  or  succession ( B l a i r  
1939, Anderson and Shapiro 1957, McCarley 1959, B u ffe r  1961) ,  and then 
are recolonized from ad jacent  communities. When small mammals become 
abundant in neighboring h a b i t a t s ,  immigrants o f  several  species colon­
ize prev ious ly  evacuated but marginal  F loodpla in  h ab i ta ts  where com­
p e t i t i o n  Is low. The e f f e c t  is an increase in o v e r - a l l  abundance and 
d i v e r s i t y  on the F lood p la in .  I f  the environment should become harsh,  
fo r  example during a severe w in t e r  or  f lo o d ,  in d iv id u a ls  in marginal  
habitats  would be e l im in a t e d ;  thus,  not on ly  reducing abundance, but 
d i v e r s i ty  as w e l l .  More ub iqu i tous spec ies ,  or species which e x p lo i t  
the s p e c i f i c  types o f  h a b i ta ts  found on F loodpla ins (e .g .  Peromyscus 
and Eutamias) would tend to remain e s tab l ish ed  and c o n t r ib u te  re ­
l a t i v e l y  more to community dominance. They may, however, decrease in 
abundance and become more h a b i t a t  r e s t r i c t e d  when more competitors  
are present and d i v e r s i t y  is h ighest  (H a l l  1946, Sheppard 1971, Brown 
1971, Brown 1975).  The catch r a t e  o f  Peromyscus was lowest on P lot  
6 In 1976 and P lot  5 in 1977 w h i le  small mammal d i v e r s i t y  was highest  
on those p lo t s .  Converse ly ,  more Peromyscus were found on less d iverse  
plots.  S im i la r  responses would not be as obvious in more s ta b le  e n v i r -  
ments where small mammal "vaccuums" are  not c rea ted  p e r i o d i c a l l y .
Results from the two l i v e  t ra p  p lo ts  appear in F igure 11. Again,  
Peromyscus maniculatus was the dominant small mammal w i th  over 60 
percent of  the catch in each t re a tm e n t .  Peromyscus abundance on p lo t  1
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was not s i g n i f i c a n t l y  d i f f e r e n t  than abundance on p lo t  4 f o r  e i t h e r  
year ,  but s i g n i f i c a n t l y  fewer captures were recorded on both p lo ts  
in 1977 (X^ P < .005 ) .  Eutamias amoenus was codominant on p lo t  1 
where catch rates were s i m i l a r  during both years (X P>. lO ) .  On 
plo t  4,  the frequency o f  Eutamias captures was s i g n i f i c a n t l y  g r e a te r  
in 1977 (X P < . 0 0 5 ) . Both Microtus longicaudus and Clethrionomys  
gapperi were s i g n i f i c a n t l y  more abundant in 1976 than in 1977 (X^
P<.001) .  The former was captured only  on p lo t  1, and the l a t t e r
p r im a r i ly  on p lo t  4. Only one longicaudus was captured on p lo t  1.
Zapus princeps and G1aucomys sabrinus were represented but r a r e l y  on 
both p l o t s ,  w h i le  Sorex vagrans and Phenacomys in te rm ed iu s , not en­
countered in 1977, were captured on ly  on P lo t  1.
The general d e c l in e  o f  l i v e  t ra p  captures in 1977 coincided w i th
the s i m i l a r  decrease noted on removal p lo ts .  E v id e n t ly ,  the small 
mammals on l i v e  t rap p lo ts  were sub jec t  to the same condit ions  ( d i s ­
cussed above) which not on ly  caused an o v e r - a l l  reduction in popu la t ions ,  
but also lessened the number o f  species present .
Small mammal abundance was compared between l i v e  t ra p  p lo ts  when 
di f fe rences  in h a b i t a t  make-up, t rap  c o n f i g u r a t io n ,  and sampling 
e f f o r t  were accounted f o r .  P lo t  1 was cons iderab ly  more heterogeneous 
in terms o f  h a b i t a t ,  and produced a g r e a t e r  d i v e r s i t y  o f  small mammals, 
at least  in 1976. O therw ise ,  p lo t  1 and p lo t  4 d i f f e r e d  p r i m a r i l y  by 
the g rea te r  abundance o f  longicaudus on the l a t t e r  and amoenus 
on the former. H a b i t a t  p r e f e r r e d  by Ĉ. gapperi  and vagrans was
Fig.  I I .  R e la t i v e  d e n s i t i e s  o f  small  mammals on 2 l i v e  t ra p  p lo t s .
S t ip p le d  and cross -ha tched bars represen t  1977 and Î 976 
da ta ,  r e s p e c t iv e ly .
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not present  on p lo t  4 ,  so those species were not expected on tha t  
p a r t i c u l a r  F lo o d p la in .  In 1977, when £ .  g a p p e r i , vagrans and 
M. longicaudus were u n i v e r s a l l y  scarce,  h a b i ta t  e f f e c t s  were reduced,  
and the two p lo ts  supported s i m i l a r  small mammal communities.
The d i f f e r e n t i a l  response o f  small mammals to traps was considered  
before comparing l i v e  and snap t rap  data (Cockrum 1947, Getz 1962,
Duran 1968).  The e f f e c t  o f  dominant species monopolizing traps (e .g .  
PeromyscUs), as noted by Calhoun ( I 963) and o th e r s ,  was most ev ident  
during l i v e  t ra pp ing .  Since those species were removed by snap t r a p ­
ping, t h e i r  in f luence  was reduced, in tha t  case, and perm it ted  the 
capture o f  p o t e n t i a l l y  more species.  In a d d i t io n ,  l i v e  traps probably  
biased resu l ts  by sampling some spec ies ,  such as Sorex vagrans, less 
e f f i c i e n t l y  than snap traps or cans (Pucek I 969) .  Thus snap t rap  
plots  appeared more d iverse  than l i v e  t rap  p lo ts .  Only one t rap  
method was conducted on each p l o t ,  so th is  in f luence  could not be 
evaluated o b j e c t i v e l y .  My f e e l i n g  was, however, th a t  P_. man i cul atus ,
£.  gapperi , and j i.  long i caudus responded s i m i l a r l y  to  both types o f  
traps.
H a b i ta t  e f f e c t s . Small mammal catch rates in each h a b i ta t  are  
del ineated in Tab le 22 which combines data from a l l  four  snap t rap  
plots .  I t  is apparent th a t  t o t a l  abundance was not evenly d i s t r i b u t e d  
over hab i ta ts  (X^ P ( .O O l ) ,  and c e r t a i n  species were more abundant in 
some h a b i ta ts  than in o th e rs .  Tota l  catch ra tes  were s i m i l a r  between
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wash types and c o n i f e r  types,  and between cottonwood types and grass ­
land types (X^ P > . 1 0 ) .  However, small mammals were more abundant in 
both wash and c o n i f e r  stands, than in cottonwood or  grassland stands 
(X^ P C . 001 ) .  PSEUOOTSUGA/FESTUCA and DENSE POPULUS-SALIX types 
produced the fewest small mammals, where as PICEA-PINUS and PICEA EDGE 
hts y ie lded  the most.
The wash and cottonwood types were of  p a r t i c u l a r  i n te r e s t  because 
they represented the h a b i ta ts  most susceptable to human in f luence  from 
outside GNP. Peromyscus was s i g n i f i c a n t l y  more abundant than any o ther  
species in most wash h a b i ta ts  (Wilcoxon P < . 0 5 ) .  The only  except ion  
was the WASH-ELAEAGNUS ht where Sorex vagrans was not s i g n i f i c a n t l y  
less abundant (Wilcoxon P 1>.10),  and £ .  amoenus was s i g n i f i c a n t l y  more 
abundant than P̂ . man i cu 1 atus in 1977 (Wilcoxon P C . O O I ) .  £ .  amoenus, 
otherwise ,  shared sub-dominancy to Peromyscus more or  less e q u a l ly  
with pr i nceps and long i caudus on wash s i t e s .  Peromyscus was not 
c le a r l y  dominant on a l l  cottonwood types,  however. 1 ong i caudus,
£ .  amoenus and P̂. maniculatus d e n s i t i e s  were not s i g n i f i c a n t l y  d i f f e r e n t  
in DENSE POPULUS-SAL IX or  MATURE POPULUS hts (Wilcoxon P > . 2 0 ) ;  and, 
of the th r e e ,  only  E. amoenus was present  in the CORNUS-ALNUS h t .  A 
f u r th e r  d i s t i n c t i o n  between wash and cottonwood s i te s  was the appearence 
of £ .  gapperi  and Sorex c i nereus in the l a t t e r .  Ĉ . gapper i was r e l a ­
t i v e l y  abundant in the CORNUS-ALNUS ht which o f te n  adjo ined more 
preferred  con iferous h a b i t a t .
Coniferous types were marked by increases o f  C_. gapperi  and Sorex
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sp. ; and decreases in long!caudus and amoenus numbers. 1. p r i n -  
ceps and manicu1atus reached codominant s ta tus  w i th  £ .  gapperi  in 
some c o n i fe r  edge or  mixed stands, however, red-backed voles c l e a r l y  
dominated the c l imax PICEA/EQUISETUM ht (Wilcoxon P < .0 0 1 ) ,  and the 
PICEA-PINUS ht  (Wilcoxon P < .001 ) .
S l ig h t  sampling e f f o r t  probably accounted fo r  the apparent lack  
of small mammals in the PSEUDOTSUGA/FESTUCA ht which was expected 
to simulate  nearby XERIC GRASSLAND s i t e s .  P_. maniculatus dominated 
the l a t t e r  (Wilcoxon P<. 005) and was e q u a l ly  abundant,  but was co­
dominant w i th  pennsyl vani eus , _Z. pr i  nceps and £ .  gapperi  in HERB 
OPENING and MES 1C GRASSLAND h ts .  The presence o f  C le thr ionom y' s 
in mesic grassland may have been in f luenced by high d e n s i t ie s  from 
nearby c o n i fe r  stands in 1976. Iverson and Turner (1972) reported a 
major movement o f  C_. gapper I in to  grassland h a b i t a t  when d e n s i t ie s  
were high in fo res ted  areas.  Other h a b i t a t  s h i f t s  in response to 
f lu c tu a t io n s  in den s i ty  have been demonstrated f o r  MIcrotus and 
Peromyscus (Grant 1969, Grant 1971, Crowell  and Pimm 1976).  Most 
species, e s p e c ia l l y  C le thr ionom ys , Zapus, and Sorex sp. occupied 
fewer h ab i ta ts  when popu la t ions  were low in 1977.
On measure o f  p r o d u c t i v i t y ,  mean small mammal biomass per 100 
trap nights (F igure  12 ) ,  showed th a t  wash and c o n i f e r  hgs were s i g n i f ­
icant ly  more product ive  than cottonwood or  grassland hgs (M-W P<.05)«  
The d i f f e r e n c e  between the wash group and c o n i f e r  group, however, was 
only m arg ina l ly  s i g n i f i c a n t  (M-W P<T.10), and biomass was not s i g n i f i -
Fig.  12. Small mammal biomass in 17 h a b i t a t s .  H a b i t a t  types fo l low  
the order  in Tab le  1. Biomass (gm/100 IN )  per  h a b i t a t  group 
is enumerated below each group heading.
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Table 22. Number of small mammals per 100 trap nights In each h a b ita t. Data combines a l l  snap trap plots fo r 1976 (above) and I977 (below). A ( -  )
denotes no animals captured.
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Peromyscus 6.43 5.77 6.47 2.12 1 . I I ] .67 ~ 2.08 1.95 0.46 1.40 1.26 1.67 2.16 - 2.18 2.74
man 1culatus 3.63 7 10 3.19 0.41 1.16 3.62 1.37 5.56 4,17 3.28
Zapus 0.05 0.39 1.06 0.86 0.13 0.28 - 2.00 0.84 - - - 3 33 - - 2.58 -
princeps 0,09 0.26 0.24 - - - 0.52
ClethrIonomys - 0-07 - 0.50 0.13 0.56 5 20 2.82 6.96 12.98 2.80 1.66 2.92 - - 3.20 0.34
gapperi 4.11 C.92 0.69
Hicrotus 0.16 1.34 1 33 0.26 1 S3 0.84 - 0.38 0.17 - - - 0.41 - - - -
long 1caudus - - 0.13 - - - - “ - - - 0.52
Sorex - 0.16 0 .14 1.26 - - - 0.26 1.32 * - - 2.92 0.52 - 0.32 2.08
vagrans - - - 0.20 - - - 0.20 0.28
So rex - - - 0. 12 - 0.28 - - 0.29 0.24 - - 0.84 0.32 - - -
cinereus - - - - - 0.47 - - - - - 0.69
Cutamlas 0.21 0.15 0.31 - - - - - 0.43 - - 0.42 - - - - 0.18
amoenus 0.52 0.90 1.22 7.22 0,47 1.39 4.16 2.50 -
Hicrotus o.oB 0.23 _ - - - - - 1.56 - - 0.18
pennsylvan!eus - - - - - - - - - - 2.08
HIcfosorex _ . - - - 0.41 - - - -
hoy! - - - - - - - - - - - -
Thomoinys 
ta I pel des
0.08 . - - - - - 0.34 -
- - - - * - - - - - - - -
Total 1976 7 37 8.04 9 56 5.14 2.91 3.63 5.20 7.54 11.96 13 96 4.20 3.34 12.51 4.58 0.00 8.36 5.52






































c a n t ly  d i f f e r e n t  between cottonwood or  grassland types (M-W P . 2 5 ) .
O v e r a l l ,  both de n s i ty  and biomass, though subject  to in te i— 
mi t t e n t  f l u c t u a t i o n s ,  were g r e a te r  on wash h a b i ta ts  than on most 
o ther  types,  inc luding adjacent  communities not subject  to  p e r io d ic  
f lo o d in g .  The same p a t te rn  and degree o f  small mammal e x p lo i t a t i o n  
of  d is turbed  s i te s  was recorded by S ly  (1976) and K irk land (1976)  
on mine wasteland in Indiana and New York, r e s p e c t iv e ly .  P̂ . mani-  
culatus comprised up to 87 percent o f  a l l  small mammals on d is turbed  
plo ts  where t o t a l  den s i ty  was g e n e r a l ly  h igher  than on undisturbed  
p lo ts .  B a t z l i  (1977) and Blem and Blem (1975) obtained s i m i l a r  r e ­
su l ts  from deciduous f o r e s t  f lo o d p la in s ,  and suggested th a t  the 
t r a d i t i o n a l  view o f  f lo o d p la in s  as u nsu i tab le  or  marginal h a b i t a t  f o r  
some species may need r e v is io n .
The immediate e f f e c t s  o f  f lood ing  on NFFR F loodpla in  small 
mammals are probably ephemeral. Flooding is l im i te d  to spring and 
e a r ly  summer when small mammal populat ions are u su a l ly  low. In d iv id u a ls  
that  are present  during the f lood in te r im  could f in d  réfugia în dead­
f a l l  and t r e e s ,  o r  emigrate  to h igher  ground. The arboreal  hab its  
of  Peromyscus and Eutamias, f o r  example, are wel l  documented (Nicholson  
1941, Layne 1970) .  Furthermore,  in d i r e c t  e f f e c t s  o f  f lo o d in g ,  though 
longer l a s t i n g ,  may a c t u a l l y  b e n e f i t  some species.  Flooding causes 
the r e d i s t r i b u t i o n  o f  organ ic  l i t t e r  in to  p i le s  o f  debris  which provide  
adequate s h e l t e r  and nest s i t e s .  As waters recede, s i l t ,  sand, and 
s o i l - n u t r i e n t  deposits  predispose Floodplains to high rates o f  p lan t  
product io n .
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As mentioned, the d i s t r i b u t i o n  o f  p lants  was u s u a l ly  clumped on 
wash s i t e s ;  however, v e g e ta t iv e  patches were dense w i th  several  mat-  
forming species represented (e .g .  Dryas drummondi i ) . Seed production  
in those patches was u s u a l ly  q u i t e  high and small mammals undoubtedly 
e x p lo i te d  them f o r  food. I t  was not uncommon to see hundreds o f  
cl ipped ped ice ls  in a mat o f  Dryas, the ripened plumose achenes h a rv e s t ­
ed and, e v i d e n t l y ,  eaten or s tored .  On several occasions I observed 
£.  amoenus consuming and cacheing the f r u i t s  o f  Dryas, Chrysops i s 
v i 1losa and Erigeron compos i t u s . Several o ther  F loodplain plants  
which produced e i t h e r  abundant or  l a rg e  f r u i t s  a lso showed obvious  
foraging ev idence;  species included: A s traga1 us a 1p in u s , A. m icro­
cyst is , robbi ns i i , Arab i s ho iboe l i  i , Aster  s p . , Chenopod i urn capi t a -  
tum, Hedysarum su l fu rens  i s , Polemon i um pu lcherr  imum, Ror i ppa obtusa , 
Taraxacum ceratophorum, Iragopogon pratens i s , Veron i ca ameri cana,
Vic ia  americana, and severa l  grass species.  Vegetat  i v e l y product ive  
Floodplains,  then were conducive to support ing ,  a t  le a s t  t e m p o r a r i l y ,  
r e l a t i v e l y  large numbers o f  small mammals.
I constructed a Pearson non-parametr ic  c o r r e l a t io n  m a t r ix  o f  
small mammal catch ra tes  w i th  p lan t  species '  r e l a t i v e  dominance to 
determine i f  any s i g n i f i c a n t  r e la t io n s h ip s  ex is ted  between them. As 
expected, no matched p a i rs  in the m a t r ix  were h igh ly  c o r r e la t e d .  Even 
in ea r ly  successiona1 s tages ,  environments were complex and a strong  
re la t io n s h ip  between a small mammal and a p a r t i c u l a r  p lan t  species was 
not probable.  Several a s s o c ia t io n s  were s i g n i f i c a n t l y  p o s i t i v e ,  however.
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inc luding those o f  long icaudus , P̂ . maniculatus and E_. amoenus wi th 
many o f  the p la n t  species l i s t e d  above (Appendix V j ) .
I n t r a - h a b i t a t  d i v e r s i t y  (Table 23) g e n e r a l l y  increased w i th  h a b i t a t  
age and responded to the species richness component of  d i v e r s i t y .  The 
youngest h a b i t a t s ,  though p ro d u c t iv e ,  contained few species and were 
usual ly  dominated by one species ,  P_. man i c u l a t u s . D i v e r s i t y  was low 
in those cases. Oldest  h a b i ta ts  produced s i m i l a r  numbers o f  small 
mammals, but supported more spec ies ,  perhaps because the environment  
was more complex and /or  s t a b le .  Cody (1 9 7 4 :3 0 ,1 2 8 ) ,  fo r  example,  
showed th a t  d i v e r s i t y  tended to increase w i th  environmental complexity  
as more p o t e n t ia l  niches became e s ta b l is h e d .
The pre ference  o f  F loodp la in  small mammals fo r  p a r t i c u l a r  h ab i ta ts  
is indicated by F igure 13, showing fo r  each species ,  the proport ion  
of to ta l  in d iv id u a ls  captured in each h a b i t a t .  Peromyscus was a 
hab ita t  g e n e r a l i s t , found in most h a b i ta ts  even though over 50 per ­
cent were captured in the f i r s t  th ree  wash types.  Dens i t ies  in wash 
habitats  were s i g n i f i c a n t l y  g r e a t e r  than a l l  o th e r  types (M-W P < . 0 5 ) , 
except the PICEA/CLINTONIA and PICEA EDGE hts which contained s i m i l a r  
populations of  Peromuscus (M-W P < .4 0 ) .  MESIC GRASSLAND and PICEA 
EDGE h ab i ta ts  appeared to be p r e fe r r e d  by Zapus, since they each con­
tained s i g n i f i c a n t l y  more Zapus than the remaining hab i ta ts  (M-W P< .05 ) .  
Clethrionomys and Sorex sp. were h a b i t a t  s p e c i a l i s t s  in the sense 
that they were most abundant in c o n i f e r  h a b i t a t s ,  and v i r t u a l l y  absent 
from wash or  grassland s i t e s  dur ing the year o f  low abundance. Microtus^
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Table 23- I n t r a - h a b i t a t  d i v e r s i t y  on snap t rap  p lo ts  as measured by 
B r i l l o u i n ' s  fo rm u la ,  evenness, community dominance and species r i c h ­
ness. Data are pooled over a l l  p l o t s ;  1976 r e s u l ts  a re  shown on the  
l e f t ,  and 1977 r e s u l ts  appear on the r ig h t  in parentheses.
H ab i ta t  type
B r i l l o u 1n ' s 
D iv e r s ! t y Evenness
Commun i ty  
Dom i nance Ri chness
WASH-GRAVEL 0.37 0 .33 ) 0 .30 0 .34 ) 0.97 0 . 98) 4 (3 )
WASH-HERB 0 .7 8 0 .34 ) 0 .44 0 .3 3 ) 0 .89 0 . 97) 7 (3 )
WASH-POPULUS 0.99 0 .7 4 ) 0 .59 0 .60 ) 0.82 0 . 92) 6(4)
WASH-ELAEAGNUS 1.19 0 .61 ) 0 .77 0 .75 ) 0 .66 0 . 97) 6(3)
DENSE POPULUS-SALIX 0 .8 7 0 .45 ) 1.00 9 .04 ) 0.91 1 . 00) 4 (2 )
MATURE POPULUS 1.02 0 .35 ) i .00 0 .77 ) 0 .69 1. 00) 5(2)
CORNUS-ALNUS 0 .0 0 0 .0 0 1 .00 1.00) 1.00 1 . 00) 1 (1)
PICEA-POPULUS 1.20 0 .71 ) 0 .86 0 .86 ) 0 .65 0 . 97) 5(3)
PICEA/EQU1SETUM i .21 0 .70 ) 0 .67 0 .75 ) 0.74 0 . 99 ) 7 (3 )
PICEA-PINUS 0.23 0 .0 0 ) 0 .23 1.00) 0 .97 1 . 00) 3(1)
P1CEA/CL1NTON1A 0.37 0 .0 0 ) 1.00 1 .00) 1 .00 1 . 00) 2 (1 )
DENSE PICEA-PINSUS^ 0 .70 -  ) 0 .89 -  ) 0 .88 -  ) 3(0)
PICEA EDGE 1.37 0 .5 0 ) 0 .90 0 .64 ) 0 .52 0 . 86 ) 6(3)
HERB OPENING 0.75 0 .0 0 ) 0 .73 1.00) 0 .82 1. 00) 4 (1 )
PSEUDOTSUGA/FESTUCA^ - -  ) - -  ) - -  ) 0(0)
MESIC GRASSLAND 1.04 0 .3 5 ) 0 .89 1 .00) 0 .70 1 . 00) 4(2 )
XERIC GRASSLAND 0 .6 7 0 .0 0 ) 0 .50 1.00) 0 .87 1 . 00 ) 5(1 )
^ ( -  ) denotes no smal 1 mammals caught .
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longicaudus p r e fe r r e d  most e a r l y  success ional h a b i t a t s ,  avoiding only  
the youngest WASH-GRAVEL s i t e s .  P r o p o r t i o n a l l y ,  M_. longicaudus was 
most abundant in MESIC GRASSLAND h a b i t a t  in 1977; however, th is  p e r ­
cent represented j u s t  0 .52  CR and was not considered a s i g n i f i c a n t  
s h i f t  in h a b i t a t  p re fe rence .
The degree o f  h a b i t a t  s p e c i f i c i t y  was q u a n t i f i e d  f u r t h e r  by 
standardized niche breadths o f  each species fo r  1976 and 1977 (Table  
4 ) .  H a b i ta t  niche breadth appeared d i r e c t l y  re la te d  to abundance, 
both in terms o f  y e a r ly  changes w i t h in  a given species ,  and r e l a t i v e  
d i f fe rences  between species w i t h in  a given year .  A l l  species experienced  
increased niche breadths in 1976, the year o f  o v e ra l l  high d e n s i ty ,  
when they appeared to e x p l o i t  more h a b i t a t s .  In each yea r ,  the ra res t  
species occupied the fewest h a b i t a t s .  These r e s u l ts  were consis tent  
with those o f  Krebs and Wingate (1976) f o r  an analogous small mammal 
community o f  e ig h t  species .
S i m i l a r i t i e s  in h a b i t a t  preferences among species were summarized 
by the niche over lap  index (Table 2 5 ) .  A dichotomy appeared between 
the species in h a b i t in g  r i p a r i a n  or  grassland h a b i t a t s ,  and those occupying 
coniferous fo r e s t s .  The niches o f  Peromyscus, longicaudus and Eutamias 
overlapped to a high degree,  whereas they were r e l a t i v e l y  d i s s i m i l a r  
to the niches o f  C1e t h r 1onomys, vagrans and ci nereus. Overlap  
between the l a t t e r  th ree  species was high due to shared preferences fo r  
conifer  h a b i t a t .  Zapus seemed in te rm ed ia te  to both groups, since the 
mean overlap o f  Zapus w i th  each species (O .47) was highest o f  any species.
The coexis tance o f  severa l  species in a l im i te d  environment is
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Table 24. Standardized niche breadths o f  e igh t  small mammal species 
for  1976 and 1977- Data are pooled from four F loodpla in  snap-t rap  
plots represent ing  17 a v a i l a b l e  h a b i t a t s .
Speci es 1976 1977
Both^
Years
Peromyscus maniculatus 0.42 0 .36 0.41
Zapus princeps 0.32 0.21 0.35
Clethrionomys gapperi 0 .36 0 .10 0.28
Microtus longicaudus 0.31 0.11 0.33
Sorex vagrans 0.26 0.16 0.27
Sorex cinereus 0.22 0.11 0.18
Eutamias amoenus 0.31 0 .30 0.35
Microtus pennsylvanieus 0.12 0 .06 0 .09
^Data pooled from a l l p lo ts  over both y e a r s .
Fig .  13. Percent  o f  each species t o t a l  catch r a t e  obta ined  from 
each h a b i t a t .  H a b i t a t  types f o l l o w  the order  in Table  1
Pm = Peromyscus man ic u la tu s
Ea = Eutami as amoenus
Ml = M Icro tus  1ong i caudus
Zp = Zapus pr inceps
Cg = Clethr ionomys gapperi
Sv = Sorex vagrans
Sc = Sorex c i ne reus














determined by d i f f e r e n t i a l  use o f  resources (Brown 1978) and com pet i t ive  
in te ra c t io n s  (McCloskey and F ie ldw ick  1975) .  Krebs and Wingate (1976) 
found th a t  small mammals from the Kluane Region overlapped " s u r p r is in g ly  
l i t t l e "  in h a b i t a t  p re fe renc e .  They hypothesized tha t  d iverse  respons­
es to the range o f  a v a i l a b l e  h a b i ta ts  reduced competi t ion and permitted  
the coexis tance o f  several  species in th a t  Region. In th is  s tudy,  I 
have measured j u s t  one dimension o f  the resource space, h a b i t a t ,  along 
which several species o f  small mammals overlapped considerab ly .  Ev ident ­
ly ,  NFFR F loodpla in  small mammals avoided i n t e r s p e c i f i c  competit ion  
and coexisted as a r e s u l t  o f  p a r t i t i o n i n g  niche dimensions o ther  than 
ha b i ta t .  For example, the e c o lo g ic a l l y  and g e n e t i c a l l y  most s i m i l a r  
species from any h a b i t a t ,  Sorex vagrans and Ŝ . c i nereus , probably  
p ar t i t io n ed  food resources on the basis o f  s ize  as do coex is t ing  
grainivorous rodents and insect ivorous  b irds (Brown and Lieberman 1973, 
Brown 1975, Hespenheide 1978) ,  and space through i n t e r s p e c i f i c  t e r r i ­
t o r i a l i t y  (Hawes 1977)-  Other F loodpla in  mammals which selected s i m i l a r  
habitats  usua l ly  d i f f e r e d  a t  le a s t  on the gener ic  l e v e l ,  and represented 
a va r ie ty  o f  m orpho log ica l ,  d i e t e r y  and behavioral  adapta t ions .  Un­
doubtedly,  several p o s s ib le  s t r a t e g i e s  f o r  resource p a r t i t i o n i n g  e x is te d .
Period e f f e c t s . A demographic chronology o f  F loodplain popula­
tions fo l low s .  Most p e r t in e n t  to the discussion are data from l i v e  
trap plots which r e f l e c t  small mammal movements and do not i n t e r f e r e  
with n a t a l i t y  or  m o r t a l i t y .  Emphasis is placed on those species captured 
regular ly:  Peromyscus , _M. 1 ongi caudus , and amoenus .
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Table 25. Niche ove r lap  values f o r  e ig h t  small mammal species based 
on r e l a t i v e  d e n s i t ie s  in 17 h a b i t a t s .  Values above diagonal l i n e  are  
fo r  1976, and those below are  f o r  1977 d a t a .
Spec i es' Pm Zp Cg Ml Sv Sc Ea Mp
0.28 0.20 0.77 0.31
0.77 0.74 0.33 0 . 10
0.56 0.57 0.47 0.01
0 . 20 0.21 0.52 0.22
"l .00 0.85 0.31 0.15
0 .00 1 .00 0.18 0.20
0.46 0.13 1 .00 0.20
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^Pm -  Peromyscus man i cu la tus  ; Zp -  Zapus p r in c e p s ; Cg - 
Clethrionomys g a p p e r i ; Ml -  Microtus long icaudus; Sv - Sorex vagrans; 
Sc - Sorex c in e r e u s ; Ea -  Eutami as amoenus ; Mp -  Microtus pennsylva- 
n i eus.
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Tab 1e 26- 
captures
Sma11 mamma 1 
( in  parcn t hes Î s
popu1 at ion 
)■
t rends throughout s.amp l ing periods on plot  1 . Ej<pressed as catch rate per 100 trap nights and totat  number of
1976 1977
r a Spec ICS 6/27 - 6 / 3 0 7/6 - 7 / l b 7/21 - 7/23 6/3 ■- &/14 B / I 9 - 0 / 2 7 6/22 - 6 / 2 9 7/22 - 7 / 2 9 S/ 1 8  -  8 / 2 5
Pm 13.3 (3M 20.3 { 1 20) 28 1 ( |44) 35 2 ( i6o) 4 3 , 0 (220) 8,0 (41) 2 3 . 1  ( 11 8 ) 3 6 . 3  ( 18 6 )
Zp 0 ii (11 0 0 (0) 0. 2 f l ) 0.4 (2) 0,2 ( 0 0.0 (0) 0 .0  (0) 0 .0  (0)
[9 3-5 (9) 2 .6 (15) 7 . 1 (36) 7 . 2 (37) 5 . 7 (29) 0 .0 (0) 0 .0  (0) 0 .0  (0)
HI 0 0 (0) 0. 2 ( t) 0 .0 ( 0 ) 0 0 ( 0 ) 0 .0 (0 ) 0.0 (0) 0 . 0  ( 0 ) 0 .0  (0)
Sv 0.0 (0) 0 . 2 (1) 0.4 (2) 0.4 ( 2 ) 0 6 (3) 0,0 (0) 0 .0  (0) 0 .0  (0)
Ea 1 .2 (3) 4̂.3 (25) 9 6 (49) 14.8 (76) t o . 2 ( 5 2 ) 5-5 ( 2 8 ) 1 3 . 5  ( 6 9 ) 1 1 . 7  ( 6 0 )
Gs 0 0 (0 ) 0 .□ (0) 0,0 (0 ) 0,0 (0 ) 0 .0 (0) 0.0 (0) 0.2 ( 0 0 . 0  ( 0 )
18 , 4 (47J 28. 1 (162) ^ 5 . 7 (234) 5 8 . 0 (297) 59-7 (305) 13 . 5 (69) 36.8 (188) 48 .0  ( 2 4 6 )
^Pm - Pc romyscus man i cu I a t , Zp - Z Jpu p r i nccp; , C<) - C 1 e t hr i orom/s qappe r i ; Hi ■ H i c rot us ÎQnq i caudus : " Sorex vagrans , Ea
Eutam i as amoenus, Gs - G1aucomys sabrinus .
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Genera] populat ion  trends throughout sampling per iods (see Chapter  
I I )  are  summarized f o r  p lo t  1 in Table  26. In both yea rs ,  Peromyscus 
numbers increased s t e a d i l y  u n t i l ,  by the end of  sampling, they had 
more than t r i p l e d .  A l i n e a r  regression model was tested  f o r  d a i l y  
populat ion  increase in 1976. The r e l a t i v e  abundance o f  Peromyscus 
on day zero (y in te r c e p t ;  26 June 1976) was est imated a t  12.42 captures  
per 100 t ra p  n ig h ts ,  and increased over the 61 days o f  sampling an 
average o f  0 .43  captures per 100 t rap  n ights  per day (C R /day ) . The 
c o e f f i c i e n t  o f  de term inat ion  ( r  = 0 .83 )  was r e l a t i v e l y  high in th is  
case, and ind ica ted  a strong l i n e a r  r e l a t i o n s h ip  between man i cu1atus  
catch ra tes  and t ime.  Near ly  id e n t ic a l  regression r e s u l ts  were obtained  
from 1977 data f o r  Peromyscus:
CR = 0 .49  (day) + 5 .86  
r^ = 0 .89
The lower i n i t i a l  catch r a te  (5 .8 6 )  simply r e f l e c t e d  the e a r l i e r  i n i t i a ­
t ion  o f  sampling in 1977.
The same model revealed on ly  s l i g h t  v a r i a t i o n  and weak c o r r e l a t i o n  
fo r  Eutamias (r^  = 0.31 in 1976; 0 .25  in 1977) and Clethrionomys (r^  = 
0.31 in 1976; absent in 1977) over t ime.  H a b i ta t  a v a i l a b l e  to C1e t h r i - 
onomys was l im i t e d  to one small area (Appendix la) w i t h in  which 94 p e r ­
cent o f  a l l  captures were recorded. E v id e n t ly ,  red-backed voles were 
at o r  near  c a r ry in g  cap ac i ty  on p lo t  1 when t rapp ing  began. The voles  
did reproduce,  however,  as evidenced by the presence o f  l a c t a t i n g  and
9 3
pregnant females.  On two occasions,  f o r  example, females gave b i r t h  
in t ra p s .  But,  the young must have died or  em igra ted ,  as few un­
marked j u v e n i l e s  were encountered a f t e r  7 August. Popula tions of  
Eutami a s , a monestrous s p r in g - t im e  breeder ,  were not expected to 
increase s i g n i f i c a n t l y  during summer t rapp ing  on a p lo t -w id e  bas is .
The p o s s i b i l i t y  o f  i n t e r - h a b i t a t  f l u c t u a t i o n s  due to immigration was 
a n t i c ip a t e d ,  however, and is duscussed below.
On p lo t  4 (Table 2 7 ) ,  Peromyscus increased s t e a d i l y  during the  
second summer, as on p lo t  1, 0 .48  CR/day ( r  = 0 .69 )  or  an average  
of 0 .48  captures per 100 t ra p  n ights  per per iod (CR/per iod;  r^ = 0 . 9 7 ) -  
In 1976, however, catch ra tes  decreased,  on the average,  0 .25  CR/period  
(r^ = 0 . 89 ) w h i le  1̂ . 1ong i caudus, absent in 1977, increased an average  
of  0.35  CR/period ( r^  = 0 . 9 4 ) .  Since deer  mice increased in the absence 
of  l o n g - t a i l e d  vo les ,  and decreased in t h e i r  presence, the im p l ic a t io n  
was that  longicaudus c o m p e t i t i v e ly  reduced Peromyscus numbers on 
p lo t  4. Grasses dominated a la rge  p o r t io n  o f  the WASH-HERB and WASH- 
POPULUS ht on p lo t  4 ,  and perhaps gave 14. 1 ong i caudus a com pet i t ive  
advantage. In enc losures ,  14. pennsy lvan ieus excluded or  lowered the  
use o f  P_. man i cul atus in grass land (Grant  1971) « M'Closkey and F i e l d ­
wick ( 1975) ,  however, did not f in d  th a t  dominance resu l ted  in complete 
exclus ion ,  but " [was] r e f l e c t e d  by d i f f e r e n t i a l  tu rnover  where both 
species [were] captured t o g e t h e r . "  They noted th a t  several researchers  
reported an assoc ia t ion  o f  sera i  stage w i th  the d i s t r i b u t i o n  o f  voles  
and deer mice; when the two species c o e x is te d ,  they were u su a l ly  assoc-
Tab le  27. Small mammal popula t ion  trends throughout sampling periods on p lo t  4.  Expressed as 
catch r a t e  per 100 t ra p  n ights  and t o t a l  number o f  captures ( in  p a re n th e s is ) .
1976 1977
Speci es^ 7 /17  -■ 7 /20 8 /1 5  -■ 8 /18 8/24  -• 8 /30 6 /16 -  6 /19 7/18  -■ 7/21 8 /1 4  -■8/17
Pm 40 .2 (37) 30 .4 ( 28) 21 .7 (20) 4 .5 (6) 15.5 (23) 33.1 (49)
Zp 0 .0 (0) 0 .0 (0) 4 .4 (4) 0 .0 (0) 2 .7 (4) 6 .8 (10)
Ml 2 .2 (2) 17.4 (16) 27 .2 (25) 0 .0 (0) 0 .0 (0) 0 .0 (0)
Ea 0 .0 (0) 2 .2 (2) 0 .0 (0) 3 .7 (5) 8 .8 (13) 11.5 (17)
Gs 0 .0 (0) 0 .0 (0) 0 .0 (0) 0 .0 (0) 0 .7 (1) 0 .7 (1)
42 .2 (39) 50 .0 (46) 53 .3 (49) 8 .2 (11) 27 .7 (41) 52.1 (77)
^Pm -  Peromyscus man i cu1a t u s ; Zp -  Zapus p r i  nceps; Ml -  Mi crotus 1ong i caudus ; Ea -
Eutami as amoenus; Gs -  G1aucornys sabr inus .
U)
Jr-
Fig.  ]4 .  Chronology o f  h a b i t a t  u t i l i z a t i o n  by Peromyscus maniculatus  
on p lo t  1. Each graph represents  the pooled r e s u l t s  from 
one l i v e  t ra p  p er iod .
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ia ted  w i th  mid-successional  stages. My re s u l ts  ind icated  th a t  the  
ass oc ia t ion  held f o r  e a r l y  seres as w e l l ,  provided some adequate h a b i t a t  
fo r  Microtus e x is t e d .  On p lo t  1, where grasses did not dominate the  
wash h a b i t a t s ,  on ly  one long i caudus was captured.
The i n i t i a l  h a b i t a t  d i s t r i b u t i o n  o f  Peromyscus on p lo t  1 (F ig .  14) 
resu l ted  from r e l a t i v e l y  high abundance on WASH-HERB and WASH-POPULUS 
h t ,  and cons iderab ly  fewer  in d iv id u a ls  elsewhere.  As the popula t ion  
increased, the d i s t r i b u t i o n  was marked by increments in several p re ­
v ious ly  unexp lo i ted  h a b i t a t s ,  inc luding MATURE POPULUS; HERB OPENING; 
PICEA-POPULUS; PICEA EDGE; and CORNUS-ALNUS types.  The ra te  of  in ­
crease in most h a b i ta ts  was s i m i l a r ,  ranging from 0.30  CR/day (CORNUS- 
ALNUS) to 0 .49  CR/day (WASH-HERB). Only the HERB OPENING ht increased  
at  the much g r e a t e r  r a t e  o f  0 .7 6  CR/day.
Changes in d i s t r i b u t i o n  over t ime were inf luenced p r i m a r i l y  by 
a continuous i n f l u x  o f  Peromyscus j u v e n i l e s  (Table 2 8 ) ,  i d e n t i f i e d  by 
the recu r ren t  appearance o f  unmarked in d iv id u a ls .  The number o f  un­
marked j u v e n i le s  comprised 83.1 percent  o f  a l l  unmarked in d iv id u a ls  
captured a f t e r  21 J u l y ,  f o r  example (N = 5 9 ) .  On the o th e r  hand, the  
number of  unmarked subadul ts and ad u l ts  decreased s t e a d i l y  a f t e r  those 
i n i t i a l l y  present  were captured .  Recruitment in those l a t t e r  segments 
of the pop u la t ion ,  then,  resu l ted  from the aging o f  prev ious ly  marked 
Juveni les .  Four i n d iv id u a ls ,  a l l  females,  were marked as ju v e n i le s  in 
1976, and survived to the second f i e l d  season in 1977* T he ir  home ranges 
the second year were remarkably s i m i l a r  to  t h e i r  home ranges o f  the
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Table 28. Prop or t iona l  age class increment and decrement o f  Peromyscus 
maniculatus on p lo t  1 by h a b i t a t  type.
Hab i t a t Type^
Period^ Age^ 2 3 6 7 8 9 13 14
1 A 0.68 0 .52 0 .85 1 .00 0.00 0.00 1 .00 0.56
S 0 .0 5 0 .00 0 .00 0 .00 0 .0 0 0 .00 0.00 0.11
J 0 .27 0 .48 0 .15 0.00 0 .00 0.00 0.00 0.33
2 A 0 .40 0 .55 0.71 0.33 0 .67 0.75 1.00 0.53
S 0 .1 6 0.00 0 .06 0 .00 0 .00 0 .25 0.00 0.00
J 0 .44 0 .4 6 0.23 0 .67 0.33 0 .00 0 .00 0.47
3 A 0.21 0 .22 0 .37 0.50 0 .47 0.50 0 .86 0 .36
S 0.28 0 .3 6 0 .24 0 .17 0 .18 0 .25 0.14 0 .26
J 0.51 0 .42 0 .39 0 .33 0 .35 0 .25 0 .00 0 .38
4 A 0 .1 6 0 .0 7 0.31 0 .00 0.31 0 .00 0.75 0.37
S 0.68 0 .78 0 .26 0.83 0.54 0 .00 0.00 0.38
J 0 .1 6 0 .1 5 0 .43 0.17 0 .15 1 .00 0 .25 0.25
5 A 0.17 0 .15 0.24 0.00 0 .37 0 .28 0 .58 0.30
S 0 .6 8 0 .66 0 .43 0.67 0 .0 5 0.44 0.33 0 .30
J 0 .15 0.19 0 .33 0.33 0.58 0.28 0.09 0 .40
^Dates, f o r per i ods appear in Figure 15-
A -  a d u l t ;  S -  subadul t ;  J -  j u v e n i l e
^The 8 h a b i t a t  types re p re s e n t ,  from l e f t  to  r i g h t ,  WASH- 
HERB, WASH-POPULUS, MATURE POPULUS, CORNUS-ALNUS, PICEA-POPULUS, 
PICEA/EQUISETUM, PICEA EDGE, and HERB OPENING.
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preceeding yea r .  A l l  o n e -y e a r -o ld  mice occupied s i te s  tha t  had been 
f loo ded ,  and showed obvious signs o f  reproduct ive  a c t i v i t y .
The net r e s u l t  was d i a m e t r i c a l l y  opposite  to what was expected,  
based on the assumption th a t  wash areas represented marginal h a b i ta t  
fo r  Peromyscus. Deer mice were expected to occupy o ld e r -a g e  h ab i ta ts  
i n i t i a l l y ,  and then move in to  younger wash types as the populat ion  
increased. Furthermore,  ju v e n i l e s  and subadults were expected to  
dominate the l a t t e r ,  w i th  adu l ts  remaining abundant in o ld e r  h a b i t a t s .
I t  was e v id e n t ,  however,  th a t  th is  was not the case,  since deer mice 
recovered on f looded areas soon a f t e r  w ater  receded. Reproduction o f  
res ident  adu l ts  accounted f o r  most o f  the populat ion  growth on wash 
s i t e s ,  and immigrat ion was p o la r i z e d  toward the o ld e r  successional  
stages which i n i t i a l l y  contained fewer mice.
Like Peromyscus, Eutamias was a l re a d y  well  e s tab l ish ed  in wash 
types when sampling began (F ig .  16 ) .  Un l ike  deer mice,  however, the  
chipmunks were equ a l ly  d i s t r i b u t e d  in some mid-successional stages 
i n i t i a l l y ,  such as the MATURE POPULUS ht and HERB OPENING h t .  The age 
s t ruc tu re  in both young and middle -age stands consis ted p r i m a r i l y  o f  
adults (Table 2 9 ) .  As the season progressed,  amoenus CR g e n e r a l ly  
increased,  and more h a b i t a t s  became included in the d i s t r i b u t i o n .  
Unmarked subadults accounted f o r  most o f  t h is  increment.  L ac ta t ing  
females were encountered no l a t e r  than 22 June, whereas those tha t  had 
been suckled but showed no recent signs o f  rep rodu ct ive  a c t i v i t y  were 
noted throughout a l l  sampling pe r iods .  E v id e n t l y ,  p a r t u r i t i o n  and
Fig .  15- Chronology o f  h a b i t a t  u t i l i z a t i o n  by Eutamias amoenus on
p lo t  1. Each graph represents  the pooled r e s u l t s  from one 
1 ive t ra p  p e r i o d .
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Table 29* P ropor t iona l  age class Increment and decrement o f  EutamI as 
amoenus on p lo t  1 by h a b i t a t  type.
Period^ Age^
Habi t a t Type^
2 3 6 7 8 9 13 14
1 A 0.67 1 .00 0 .9 5 1 .00 0 .00 0.00 0.00 1 .00
S 0 .33 0 .00 0 .05 0.00 0 .00 0 .00 0 .00 0.00
2 A 1 .00 0 .7 5 1 .00 0 .00 1 .00 0 .00 1 .00 1 .00
S 0 .00 0 .25 0.00 0 .00 0 .00 0 .00 0.00 0.00
3 A 0.39 0.31 0 .62 0.43 0.00 0.00 0.00 0.20
S 0.61 0 .69 0 . 3 8 0.57 1 .00 0 .0 0 0 .00 0.80
4 A 0 .44 0 .70 0 .68 0.80 0 .67 0.00 1 .00 0.29
S 0 .56 0 .30 0 .32 0 .20 0 .33 0 .00 0 .00 0.71
5 A 0.50 0.50 0.52 0.67 0 .63 0 .50 1 .00 0.30
S 0 .50 0 .50 0 .48 0.33 0.37 0.50 0 .00 0.70
^Dates f o r  per iods appear in F igure  16.
-  a d u l ts ;  S -  subadul t .
^The 8 h a b i t a t  types re p re s e n t ,  from l e f t  to r i g h t ,  WASH- 
HERB, WASH-POPULUS, MATURE POPULUS, CORNUS-ALNUS , PICEA-POPULUS, PICEA/ 
EQUISETUM, PICEA EDGE, and HERB OPENING.
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l a c t a t i o n  terminated e a r l i e r  in June or  May, and most young o f  the  
year became a v a i l a b l e  to t raps l a t e r  in Ju ly  o r  August.  Thus, few 
subadults were captured dur ing the f i r s t  sampling per iod w h i le  in ­
creasing numbers were caught in l a t e r  per iods.  The recru i tment  o f  
subadults from o u t - l y i n g  areas was a lso  p oss ib le .  From whichever  
source, the movement o f  amoenus in to  o ld e r  seres was less profound 
than th a t  o f  Peromyscus, and the number of  adu l ts  p a r a l l e le d  the  
number o f  subadul ts in most h a b i t a t s  during the l a s t  t rapping per iod.
Microtus longicaudus was captured f r e q u e n t ly  in only  one l i v e  
t rap  t re a tm e n t ,  on p lo t  4 in 1976, which sampled j u s t  two wash h a b i ta ts  
(F ig .  17) .  In th a t  t re a tm e n t ,  Microtus was rare  on the F loodpla in  
during the f i r s t  t rapp ing  p e r io d ,  and increased in abundance through 
l a t e r  per iods .  Both h a b i ta ts  were e q u a l ly  u t i l i z e d .  The breeding  
and age s t r u c t u r e  of  the populat ion  ind ica ted  th a t  l o n g - t a i l e d  voles  
immigrated to the p lo t  even though coniferous h a b i t a t ,  avoided by 
ü* long icaudus, bordered i t .  The a d u l t  segment of  the popula t ion  
consisted o f  two fem ales ,  both parous, and one male.  Only the male 
was present i n i t i a l l y ,  and i t  was h ig h ly  probable t h a t  a l l  in d iv id u a ls  
were captured ,  given the narrow width o f  the p l o t .  I f  the Microtus  
populat ion o r ig in a te d  from breeding r e s id e n t s ,  more a d u l t s ,  e s p e c ia l l y  
females,  would have been present  i n i t i a l l y ,  and g r e a t e r  reproduct ive  
evidence would have been observed. U n fo r t u n a t e ly ,  1ongicaudus 
was not present dur ing 1977 , when an a d d i t io n a l  t ra p  l i n e  sampled the  
adjacent  c o n i f e r  stand. In t h a t  y e a r ,  Peromyscus and Eutamias were
Fig.  16. Chronology o f  h a b i t a t  u t i l i z a t i o n  by M icrotus longicaudus  
on p lo t  4.  Each graph represents  the pooled r e s u l t s  from 
one l i v e  t rap  p e r io d .  The p ropo r t ion  o f  breeding a d u l ts  
appears above each bar.
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captured on both l i n e s ,  but no In d iv id u a ls  t ra v e le d  between the Flood-  
p la in  and the bordering h a b i t a t .  Both species app aren t ly  survived  
year around on the F lo o d p la in ,  and increased during the summer in the  
manner discussed above f o r  p lo t  1 (Appendix V I I ) .  One ind iv idu a l  
Peromyscus, marked as a j u v e n i l e  female 17 August 1976, survived  
through 17 August 1977* She had mainta ined the same home range on 
the F lo o d p la in ,  and obv ious ly  had reproduced.
Winter  Census
Roughly 37 km were t raversed  along w in t e r  census routes in 1977.
The lack o f  f resh  snow coupled w i th  s u b - f reez in g  temperatures c o n t r i ­
buted to poor t ra ck in g  condit ions  which became obvious when attempting  
to d is t in g u is h  o ld e r  t racks  from more recent  ones. Had snowfall  
occurred r e g u l a r l y ,  t racks  could have been dated a b s o lu te ly  and only  
those less than 2h hours o ld  recorded. Low temperatures preserved  
older  t r a c k s ,  so th a t  the r e l a t i v e  method o f  da t ing  by degrees o f  m e l t -  
out was in e f fe c tu a l  a ls o .  Thus, several  days of  mammal a c t i v i t y ,  
l e f t  recorded in the snow, produced p o t e n t i a l l y  i n f l a t e d  values of  
r e l a t i v e  density  tha t  could not be compared between samples reasonably.  
Wherever poss ib le ,  t racks  t a l l i e d  on a previous census were not r e ­
counted; but undoubtedly,  some tracks were recorded more than once and 
tended to bias the data .  For these reasons, on ly  the most general  
assessment was made o f  the d a ta ,  and no s o p h is t ic a te d  s t a t i s t i c a l  
procedures were employed.
R e la t iv e  d e n s i t i e s ,  expressed as the number o f  t racks per k i lom eter
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Table 30. Re la t iv e  dens i t i es  o f  medium-sized mammals w i th in  major hab itat  groups, expressed as the number of  tracks per ki lometer.  
The absolute number of  t racks appears In parenthesis.
Wash Cottonwood Con i f e r Grassland Mean
Spec i es^ FI Up FI Jp FI Up FI Up FI Up
Me 6.90 5 . 6 2 5.56 4.06 4.89 6 . 6 7 1 .61 5.61 4.02
(93) (20) (5) (13) (33) (8) (9) (134) (48)
Mf 0.07 - 0.28 3.33 0.94 1.19 0.00 1 . 25 0 . 3 2 1 . 92
(1) (1) (3) (3) (8) (0) (7) (5) (18)
Mv 0 . 9 1 - 0. 00 0.00 3.44 2.67 0.00 0.00 1 . 0 9 0 . 8 9
(14) (0) (0) (11) (18) (0) (0) ( 2 5 ) (18)
Ma 0.00 0.00 0.00 0.00 5.48 0.00 0.00 0.00 1.83
(0) (0) (0) (0) (37) (0) (0) (0) (37)
Fc 0.65 _ 0.00 0.00 0.63 1 .04 0 . 8 3 0.00 0 . 5 3 0 . 3 5
(10) (c) (0) (2) ( ; ) (1) (0) (13) (7)
Cl 0.81 0.84 1.11 0.00 0.44 0.00 0 . 3 6 0.41 0.64
(12) (3) (1) (0) (3) (0) (2) (15) (6)
Th 0.20 1 .69 0.00 13-13 2 6 . 96 0 . 8 3 0 . 1 8 3 . 9 6 9 . 0 5
(3) (6) (0) (42) (182) (1) (1) (52) (183)
La 0.61 1 .97 3.33 1.56 13.48 0 . 8 3 0.00 1.24 5 . 6 0
(9) --------- (7) _ L5I ( 9 1 ) (1) (0)
(22) (94 )
Tota 1 9.34 - 10.40 13.33 23.76 5 6 . 1 5 9.16 3.40
Total  km 15.44 3.56 0.90 3.20 6 . 7 5 1 .20 5 . 6 0
^Me - Mus tel  a erminea; Mf - Mustel a f re na ta ;  Mv - Mustela vison; Ma -  Mar tes  americana; Fc -
Fel is concolor; Cl
Can is l a t ra n s j Th - Tamlasclurus hudson i eus ; and La - Lepus americanus.
^F1 - Floodplain ; Up - Upland.
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(T r /k m ) ,  e x h ib i te d  the main elements o f  h a b i t a t  d i s t r i b u t i o n  ra the r  
than l im i te d  d e t a i l s  (Table 3 0 ) .  For many species ,  mean encounter  
frequencies were s i m i l a r  both on and o f f  the F loodp la in .  However,  
the average u t i l i z a t i o n  o f  non-F loodpla in  hab i ta ts  was g re a te r  than 
Floodplain  h a b i ta ts  f o r  Mustela f r e n a t a , Martes americana, Tami a -  
sci urus hudson i eus , and Lepus americanus. The l a t t e r  three c l e a r l y  
selec ted  con iferous h a b i ta ts  which represented cl imax lodgepole p ine ,  
or lodgepole dominated seres o f f  the F loodp la in ,  and spruce dominated 
s i te s  on the F loodp la in .
The problem o f  d is t in g u is h in g  tracks o f  f re n a ta  from 1̂ . erminea 
was not resolved d e f i n i t e l y .  Live t rapping e f f o r t s  produced only  one 
female marten,  so tracks o f  the two weasels were never compared between 
known specimens. D i s t in c t i o n  was based on a frequency d i s t r i b u t i o n  
of  s t ra d d le  widths f o r  a l l  weasel t ra c k s ,  and the data from Murie (1975)  
and Yaich (1972 ) .  A l l  tracks less than 45 mm In s t ra d d le  were con­
sidered erm inea , and those g re a te r  than or equal to 45 mm became 
Ü* f r e n a t a . Since s t radd les  between 40 mm and 50 mm (represen t ing  
23 in d iv id u a ls )  could have ind ica ted  e i t h e r  species ,  the data in Table  
29 may not a c c u ra te ly  represent  the r e l a t i v e  abundance o f  l o n g - t a i l e d  
and s h o r t - t a i l e d  weasels.  For e rm inea, the data showed g re a te r  
abundance in a l l  h a b i t a t  groups, and more or  less equal d i s t r i b u t i o n  
between them. M. f re n a ta  e x h ib i te d  a s l i g h t  preference fo r  open c o t to n ­
wood stands located away from the F loodp la in .  According to Hoffmann 
and P a t t i e  ( 1 9 6 8 ) ,  " the  s h o r t - t a i l e d  weasel i s ,  in Montana, common in
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subalp ine con iferous fo re s ts  in the western h a l f  o f  the s t a t e " ,  and 
f re n a ta  is most common in intermontane v a l le y s  and open montane f o r e s t ,  
where ermi nea is scarce or  absent".  They s t a t e  th a t  l o n g - t a i l e d
weasels occupy more "open s i t u a t i o n s "  than s h o r t - t a i l e d  weasels ,  and
that  "some degree o f  com pe t i t ive  exc lus ion appears to ope ra te" .
Perhaps the g r e a t e r  abundance o f  14. erminea in even open h a b i ta ts  
along the NFFR resu l ted  from the o v e r a l l  s c a r c i t y  o f  f r e n a t a , and 
th e re fo re  a lack  o f  com p e t i t ive  exc lus ion .  Otherwise,  the observed 
d i s t r i b u t i o n  o f  s h o r t - t a i l e d  weasels would seem to c o n t ra d ic t  the 
usual p a t te rn  o f  d i s t r i b u t i o n  in sympatry discussed above.
Mustela vison a c t i v i t y  was concentrated along the NFFR and t r i ­
butary streams. i t  was r a r e l y  encountered over 10 m from w a te r ,  and
only o cc a s io n a l ly  t ra v e le d  in d i r e c t  route 20 m to 100 m over a
narrow peninsula o r  bank to nearby w ater  courses. Since most tracks  
were located on R iver  or  stream ic e ,  the independent h a b i t a t  v a r i a b l e  
(Table 30) represented h a b i t a t  types c loses t  to a t ra ck  lo c a t io n .  Mink 
tended to p r e fe r  water  courses bordered by coniferous f o r e s t .
The d i s t r i b u t i o n  o f  Lutra canadensis (not included in Table 29) 
was s i m i l a r  to th a t  o f  the preceeding spec ies ,  but movements covered 
longer d is tances .  Three t ra c k  sets were f i r s t  s ighted 8 January 1977 
on the NFFR near p lo t  2,  where two in d iv id u a ls  were observed catching  
f is h  fo r  about 20 minutes.  The th ree  moved as f a r  south as Coal Creek 
during a 13 day p e r io d ,  t r a v e l i n g  over  River  ice and spending one or  
two days at  open pools where food may have been more a v a i l a b l e .  The
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t racks continued south from Coal Creek, but were not fo l low ed .  To the  
n o r th ,  the o t t e r s  were backtracked 18 km from the Polebridge Ranger 
S t a t io n ,  where R iver  ice became impassible by foo t  and the t r a i l  was 
abandoned. In a l l ,  the three  t ra v e le d  at  le a s t  31 km during the south­
ward movement and never ranged beyond the banks o f  the R iver .  A f t e r  
the i n i t i a l  encounter ,  Lutra  canadensis was not encountered on the 
River u n t i l  27 February,  when th ree  in d iv id u a ls  were observed in 
northward movement near p lo t  5- E v id e n t ly ,  they were the same i n d i ­
v iduals  th a t  t ra v e le d  south a month e a r l i e r .  During the in te r im ,
Jerry DeSanto, Park Ranger a t  P o leb r idge ,  s ighted o t t e r  t racks at  
Kishenehn Creek on 25 January,  which may have represented a d i f f e r e n t  
group than the aforementioned.
F e l is  concolor r e g u l a r l y  e x p lo i te d  the r e l a t i v e l y  snow f re e  
River ice ,  u t i l i z i n g  i t  f o r  what appeared to be long-range t r a v e l s .
When tracks were fo l lowed away from F loodpla in  census l i n e s ,  they o f te n  
emerged from a bordering spruce s tand ,  met the River  i c e ,  and continued 
at walking pace two or  more k i lo m eters  before  reen te r in g  an upland 
community. Had deeper snow blanketed the i c e ,  movement pa t te rns  may 
have been d i f f e r e n t .  Away from the R iv e r ,  mountain l ions tended to 
move up and down drainages by e i t h e r  fo l lo w in g  streams or  keeping to 
r idges .
Tracks o f  Lynx lynx and Gulo gulo were s ighted j u s t  once during  
w in te r .  The l a t t e r  were l a i d  down on an a l l u v i a l  bench above p lo t  1, 
and the former crossed the XERIC GRASSLAND ht near p lo t  2 to the River
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and t ra v e le d  north  over R iver  ice .  An a d d i t io n a l  wolver ine  t ra c k  was 
observed on the F loodpla in  0 .5  km south o f  p lo t  1 during the summer 
of  1976. The In d iv id u a l  had encountered an e l k  w i n t e r - k i l l  which was 
divested o f  a l l  t is s u e  but the most f i r m l y  at tached tendons and 
c a r t i l a g e .  The fo l lo w in g  summer, Martes pennanti t racks were found 
along the R iver  shore j u s t  west o f  the Ford Creek patro l  cabin (F ig .
1) .  Tracks ind ica ted  the f i s h e r  had crossed the River  and t ra v e le d  
north in a loping g a i t .
Only one instance o f  small mammal predat ion was ascer ta ined  on 
the F loodp la in .  That involved the loca t io n  of  a dead red-backed  
vole which had been cached by erminea in a small cottonwood shrub.  
Tracks determined t h a t  the weasel c a r r i e d  the vo le  some 200 m south 
from PI CEA/EQ.UI SETUM ht to the WASH-HERB ht on p lo t  2.  In a l l  prob­
a b i l i t y ,  predat ion  was more widespread than ind ica ted  by d i r e c t  
observat ion ,  however. Weasel movements o f te n  encompassed no more 
than the Floodplains on which they were located and portrayed a 
pattern o f  i n q u i s i t o r i a l  i n v e s t ig a t io n  suggest ive o f  hunting.  Weasels 
rare ly  bypassed p i le s  o f  d e a d fa l l  or  o th e r  ré fu g ia  which seemed to 
be prime locat ions f o r  small mammal prey. From a cursory review of  
Floodplain weasel sc a ts ,  m ic ro t in e  remnants comprised a m a jo r i t y  of  
the m a t e r i a l .
Elsewhere, few instances o f  preda t ion  were observed. A 1̂ . f re n a ta  
track  was sighted in XERIC GRASSLAND ht near p lo t  5- The in d iv id u a l  
had been carry ing  a small mammal, probably  P̂. man i cul atus judging
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by the long t a i l  marks, when i t  entered a hole in the snow. In a d d i t io n ,  
two 2 '  hudsonicus k i l l  s i t e s  were located in PICEA/PINUS ht adjacent  
to the F lo o d p la in .  The presence o f  _M. americana sign ind icated  tha t  
the s q u i r r e l s  were k i l l e d  by marten.  Coyote t racks and droppings  
were noted around one e l k  and two deer carcasses; however, a l l  were 
mostly consumed and i t  was not known whether the cerv ids a c t u a l l y  
died by p red a t io n .  One o f  the deer carcasses was located on the Flood-  
p la in  north o f  p lo t  2 ,  and the e l k  carcass was near the K i n t l a  Well 
south o f  p lo t  1 ( F ig .  l ) .
I t  is ev iden t  th a t  to  most endemic c a rn iv o re s ,  the F loodpla in  
provides important access to food,  s h e l t e r ,  and t r a v e l .  The absolute  
extent  o f  which, however,  remains undetermined. A more d e ta i le d  
analysis  o f  food h a b i t s ,  d e te c t in g  the loca t io n  o f  prey at  t ime  
of k i l l ,  is needed before  a complete assessment can be made of the 
Floodplain small mammal - c a rn iv o re  r e l a t i o n s h ip .
CHAPTER V
SUMMARY
Small mammal communities along the NFFR F loodpla in  In G lac ie r  
National  Park ,  Montana, were in ves t ig a ted  during 1976 and 1977. A 
data base was e s tab l ish ed  to provide a d e s c r ip t i v e  framework of  
mammalian F loodp la in  u t i l i z a t i o n  under na tura l  co n d i t io n s ,  so the  
GNP resource managers might b e t t e r  assess the f u tu r e  impact o f  human 
d isturbance.
A h a b i t a t  typing scheme was developed to f a c i l i t a t e  the comparison 
of  small mammal popu la t ion  parameters between areas o f  d i f f e r e n t  
vegeta t ion  and s u b s t r a te .  R ipar ian  h a b i ta ts  o f  the F loodpla in  formed 
a continuum o f  sera i  stages between v e g e t a t i o n - f r e e  WASH GRAVEL s i te s  
and fo rested  PICEA/EQUISETUM stands. Results o f  the h a b i ta t  ana lys is  
were n ecessar i ly  complex, g iven the v a r i e t y  o f  recognizable  types.  
Seventeen h a b i ta ts  were descr ibed ,  o f  which 6 occupied areas adjacent  
to the F loodp la in .  H a b i t a t  types were assembled in to  the fo l low ing  
four h a b i ta t  groups represen t ing  more general and e a s i l y  i d e n t i f i e d  
phytogenic ass oc ia t ions :  wash, cottonwood, c o n i f e r ,  and grassland.
Twelve species o f  small mammals, represent ing  5 f a m i l ie s  and 10 
genera, were trapped on 6 NFFR F loodp la in  p l o t s .  One species,  M icro- 
sorex h o y i , was a new record o f  GNP. An a d d i t io n a l  7 species were 
recorded through actual  or  t r a c k  s ig h t in g s .  Most small mammal species
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were permanent r e s id e n ts ;  only  two, Spermophilus columblanus and Thom- 
omys t a l p o i d e s , were t r a n s i e n t .
Peromyscus maniculatus was the most abundant small mammal on a l l  
p l o t s ,  and u s u a l ly  co n tr ib u ted  over 50 percent  o f  the to ta l  catch.  
Genera l ly  two a d d i t io n a l  spec ies ,  e i t h e r  Clethrionomys gapperi , Hi c ro ­
tus longicaudus, Zapus p r in c e p s , or Eutamias amoenus were codominant 
with Peromyscus on any given p l o t .  Species richness ranged from 3 
to 9 on the 4 snap t ra p  p l o t s ,  and averaged 7-50  in 197& and 4 .75  
in 1977. From 3 to 7 species were captured on the 2 l i v e  t rap  p lo ts .
S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  e x is ted  between the small 
mammal faunas on p l o t s .  Sources o f  i n t e r - p l o t  v a r i a t i o n  included the 
hab i ta t  p a t te rn  on Floodpla i n s , the composition o f  communities adjacent  
to the F loodp la in ,  and o th e r  f a c to r s  which might have s t r i c t l y  local  
in f luence.  P lo ts  which conta ined or  bordered con iferous f o r e s t  u su a l ly  
supported la rg e r  populat ions o f  £ .  gapperi  and Sorex s p . , than did  
plots adjacent  to grass lands.  The l a t t e r  were c h a ra c te r iz ed  by g re a te r  
r e l a t i v e  dominance o f  Microtus longicaudus. During one l i v e  trap  
period,  com pet i t ive  dominance was evoked to e xp la in  the progressive  
reduction o f  P̂ . man i cu 1 atus and expansion o f  long i caudus populat ions
Total small mammal catch ra te  was lower in 1977 than in 1976. 
Clethrionomys g a p p e r i , Sorex sp. and Microtus 1ong i caudus were s i g ­
n i f i c a n t l y  less abundant dur ing the second year .  As well  documented 
phenomena, small mammal popu la t ion  f l u c t u a t i o n s  were a n t ic ip a te d .  In 
th is case, snow condit ions  dur ing the in te rv en in g  w in t e r  provided
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i n s u f f i c i e n t  in s u la t io n  and most l i k e l y  increased m o r t a l i t y .  The 
harsh w in t e r  a lso  n e g a t iv e ly  a f fe c te d  species d i v e r s i t y  by e l im in a t in g  
scarce species from the F loodp la in .  More ubiquitous species ,  or  
species wel l  adapted to F loodpla in  h a b i ta ts  (e .g .  1̂ . maniculatus and 
L ' amoenus) remained e s ta b l i s h e d ,  however.
F loodpla ins  provided s u i t a b l e  h a b i t a t  f o r  small mammals, and 
were h igh ly  p rodu c t ive .  Both den s i ty  and biomass were g r e a t e r  in wash 
hab i ta ts  than in most o ther  types ,  inc luding adjacent  communities not 
subject  to  p e r io d ic  f lo o d in g .  Young seres were ch a ra c te r iz e d  by low 
species d i v e r s i t y ,  and high r e l a t i v e  abundance o f  P_. man i cul a t u s . 
Conversely,  o ld e r  con ife rous  seres supported more species and to ta l  
small mammal abundance, though s i m i l a r  to  e a r l y  seres ,  was more equa l ­
ly d i s t r i b u t e d  between the species present .  As a f u r t h e r  in d ic a t io n  
of the preference f o r  wash h a b i ta ts  by some small mammals, Peromyscus 
and Eutamias recovered on f looded areas soon a f t e r  water receded.  
Reproduction of  res iden t  a d u l ts  accounted f o r  most of  the populat ion  
growth on wash s i t e s ,  and juvenal  immigrat ion was p o la r ized  toward 
the o ld e r  less f r e q u e n t ly  f looded seres which i n i t i a l l y  contained few­
er  smal1 mamma 1s .
The immediate e f f e c t s  o f  f lo o d in g  on F loodpla in  small mammals 
are probably ephemeral,  and i n d i r e c t  e f f e c t s ,  though longer l a s t i n g ,  
may a c t u a l l y  b e n e f i t  some spec ies .  Flooding causes the r e d i s t r i b u t i o n  
of organic l i t t e r  in to  p i l e s  o f  debr is  which provide adequate s h e l t e r  
and nest s i t e s .  As waters recede,  s i l t ,  sand, and s o i l  n u t r ie n t
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deposits  predispose F loodpla ins to high rates o f  p lan t  production tha t  
are conducive to supporting r e l a t i v e l y  large  numbers of  small mammals.
Furbearers and o th e r  medium-sized mammals were t ra ck  censused 
during the w in t e r  o f  1976 -  1977* Poor snow condit ions  resu l ted  In 
moderate t ra c k in g  success. Twelve species were recorded and only  
one, Martes am er icana, was not encountered on the F loodp la in .  Mus­
t e la  erminea was the most abundant carn ivo re  In each h a b i t a t  group.  
Mustela vlson and Lutra canadensIs associated c lo s e ly  w i th  water  
courses, and r a r e l y  ranged beyond r i v e r  or  stream banks. Floodplains  
and near by r i v e r  Ice provided f r e q u e n t ly  t ra v e le d  routes f o r  Fe l Is  
concolor . I encountered few Instances o f  actual  predat ion  on the 
Floodplain.  However, the amount and p a t te rn  o f  predator  a c t i v i t y  
suggested g r e a t e r  u t i l i z a t i o n  o f  F loodp la in  food resources than In ­
dicated by d i r e c t  o b s e rv a t io n .
CHAPTER VI 
MANAGEMENT IMPLICATIONS
Wagner (1978) expressed a concise statement on small mammal 
management :
The words management and control  . . . imply human va lue  
judgement and ap p ro p r ia te  a c t io n .  In the case of  small 
mammals the words may br ing f i r s t  to  mind the negative  
values commonly associated  w i th  these species . . . How­
e v e r ,  many species of  small mammals, including some of  
the ones subjected to c o n t r o l ,  have in d i r e c t  or p o s i t iv e  
values to some face ts  of  s o c ie ty .  Small mammals are 
parts  o f  eco log ica l  systems which are assemblages o f  
species and a b i o t i c  components l inked in a complex of  
i n t e r r e l a t i o n s h i p s .  A l t e r a t i o n  o f  any one component i n ­
f luences the o th e r  components to which i t  is l in k e d ,  and 
u l t i m a t e l y  the s t r u c t u r e  o f  the whole system.
The management o f  Nat ional  Parks may be s i m p l i f i e d  f u r t h e r  since manage­
ment ob je c t iv e s  s t r i v e  s o le ly  f o r  the ma i nta i nance o f  p r i s t i n e  eco­
systems, and i n d u s t r i a l  concerns need not be considered in value judg ­
ments. Once the dec is ion  is made to preserve natura l  ecosystems, as 
i t  has been made in the Na t iona l  Parks,  a l l  components o f  those 
systems become e q u a l ly  va lued;  and no component should be deeded more 
important or b e n e f ic ia l  than any o t h e r .  The values o f  small mammals, 
for  example, need be only  im p l ica ted  as in te g ra l  parts  of a Park 's  eco­
system to j u s t i f y  t h e i r  p r e s e r v a t io n .  Should human va lues ,  such as 
recreation or s c i e n t i f i c  advancement,  r e s u l t  from Park management, these 
s t i l l  should be considered secondary or  i n d i r e c t  b e n e f i t s  o f  the primary  
goal o f  preserving a p r i s t i n e  ecosystem.
U n fo r tu n a te ly ,  Nat ional  Parks are  not "c losed"  ecosystems, but
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are l i k e  geographic is la n d s ,  and inf luenced by the m u l t i p le  land-use  
pra c t ic e s  o f  surrounding areas .  Economic pursu i ts  ad jacent  to Parks 
o f te n  c o n f l i c t  w i th  w i l d l i f e  management o b je c t iv e s  and requ ire  pro­
t e c t i v e  measures be taken w i t h in  Parks. The s i t u a t i o n  along the NFFR 
Floodpla in  in GNP is such a case. There ,  logging and impending s t r i p  
mining w i t h in  the Drainage th rea ten  water  q u a l i t y  and thereby the  
t e r r e s t r i a l  F loodpla in  community. The expectant  d is turbance most 
l i k e l y  would take the form o f  increased run o f f  and s i l t  loading.  
Monitor ing program
To counteract  a human d is turbance  o f  the natura l  F loodplain  
system, the f i r s t  p r i o r i t y  ( a f t e r  the bas e l ine  study) must be a moni­
tor ing program to i d e n t i f y  the impact o f  man-induced p e r tu rb a t io n s .  
The program should fo l lo w  the procedures o u t l in e d  below;
1) r e p l i c a t e  removal t rapp ing  methods on the 4 snap t rap  
plots  i d e n t i f i e d  in t h is  study;
2) t rapping should begin in e a r l y  August and continue fo r  
twelve consecut ive days to assure the capture  o f  a l l  species;
3) assessment l in e s  do not need to be trapped however, sunken 
cans should accompany Calhoun l in e s  to sample shrews;
4) l i v e  t rapping ( in v o lv in g  g rea t  e f f o r t )  does not need to 
be re p l ic a te d  unless more home range data are  des ired;
5) l i v e  t ra p  p lo ts  could provide a d d i t io n a l  study areas i f  
needed ;
6) t rap  Sites should be considered a sampling u n i t ,  and ass ign­
ed to h a b i ta t  type every  3 years to c o r re c t  f o r  successional
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changes; and
7) i f  the h a b i t a t  type ana lys is  proves to be too complex, 
h a b i t a t  assignment may be based s o le ly  on the h a b i ta t  group 
analys i s .
Two a t t r i b u t e s  o f  F loodpla in  small mammal communities should con­
cern the resource manager implementing a monitoring program. F i r s t ,  
Floodpla ins are  product ive  r e l a t i v e  to d e n s i ty ,  biomass, and d i v e r s i t y  
of small mammals. Second, considerab le  na tura l  v a r i a t i o n ,  which may 
be p a r t i t i o n e d  in to  temporal o r  h a b i t a t  e f f e c t s ,  e x is ts  between Flood-  
pla in  p lo ts .  Given the l a t t e r  aspect ,  i t  would be d i f f i c u l t  to d i s ­
t inguish i n t r i n s i c  f l u c t u a t i o n  from s t r i c t l y  man-caused a l t e r a t i o n  
on the NFFR F lo o d p la in ;  provided an observed change was w i th in  the  
l im i ts  o f  na tura l  v a r i a t i o n .  Past s tudies  which spec ify  the small 
mammal response to changes in water  q u a l i t y  are lack in g ,  as are the 
means of  p r e d ic t in g  which s p e c i f i c  in d ic a to rs  would v e r i f y  best a 
change in environmental q u a l i t y .  T h e re fo re ,  the resource manager has 
a s l ig h t  chance o f  "keying in"  on a p a r t i c u l a r  parameter and monitoring  
subtle  changes.
In the event monitored p e r t u r b a t io n  exceeds the l i m i t s  o f  natura l  
v a r i a t io n ,  and the observed trend is not reversed,  the p r o b a b i l i t y  
of a man-induced d is turbance  is increased.  However, 1 caution against  
hasty judgements based on u n r e p l ic a te d  observat ions .  Data document­
ing a change in small mammal communities should be confirmed from a 
minimum of  4 F loodp la in  p lo ts  over a two year per iod .
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I n d ic a to r  species
T r a d i t i o n a l l y ,  in d ic a to r  species e x h i b i t  small amplitudes of  
environmental t o le r a n c e ,  are h ig h ly  adapted to a p a r t i c u l a r  niche,  
and susceptable to e x t i n c t i o n .  On the F lo o d p la in ,  however, species  
with  narrowest h a b i t a t  niche breadths (Clethrionomys gapperi and 
Sorex sp . )  prefer  con iferous hts which are less f re q u e n t ly  f looded  
and include a sm a l le r  por t io n  o f  the F loodpla in  than wash hts.  Those 
species,  th e n ,a r e  less susceptable  to changes in water q u a l i t y  and 
t h e i r  va lue as in d ic a to rs  decreases. On the o ther  hand, species which 
c o n s is te n t ly  occupy f looded areas (Peromyscus maniculatus and Eutamias 
amoenus) e x p l o i t  a wide range o f  h a b i t a t s ,  commonly inhab i t  d isturbed  
s i te s ,  and do not n e c e s s a r i ly  in d ic a te  environmental q u a l i t y .  Microtus  
longicaudus, a normal ly  c y c l i c  species ,  was o cc as io n a l ly  abundant on 
wash s i t e s ,  but became e x t i n c t  in 1977 on 4 F loodplain p lots  formerly  
inhabited.  A s i m i l a r  trend was shown f o r  Zapus p r in cep s . The r e ­
maining F loodpla in  species (e .g .  Microtus pennsy1 v a n ieus) were in ­
f requent ly  captured.  In b r i e f ,  the mere dens i ty  of  a small mammal 
species would not represent  a good in d ic a t o r  of  human d is turbance .  
Species d i v e r s i t y
Of a l l  small mammal community parameters,  species d i v e r s i t y  
varied the le a s t  between study p l o t s .  Even though d i v e r s i t y  decreased 
the second f i e l d  season when t o t a l  small mammal density  was low, i t  
may be the best in d ic a t o r  o f  community change, given the minimal in te i  
plot  v a r i a t i o n .  Decrements in d i v e r s i t y  would be an expected re s u l t
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of  p o l l u t i o n ,  and could be sub s ta n t ia ted  i f  the ana lys is  c o n t r o l le d  
fo r  n a tu ra l  or  expected v a r i a t i o n  o r i g i n a t i n g  from changes in t o t a l  
small mammal den s i ty .
Furbearers
Several small predators frequent  Floodpla ins which provide access 
to prey,  w a te r ,  s h e l t e r ,  and t ra v e l  routes.  Two species,  Lutra  
canadensis and Mustela v i son , are d i r e c t l y  l inked  to the aquat ic  fauna,  
and h ig h ly  su s cep t ib le  to changes in water  q u a l i t y .  I n i t i a l l y ,  they  
may be b e t t e r  in d ic a to rs  of  p o l lu t i o n  than small mammals (mice,  vo les ,  
chipmunks, and shrews).  Since o t t e r  and mink are r e s t r i c t e d  p r i ­
m a r i ly  to water  courses, censusing would be s i m p l i f i e d  and r a p id ,  at  
leas t  in w in t e r .  Of the two, v i son is more abundant and t r a v e l s  
s ho r te r  d is tances ,  so t rapp ing  and /or  radio  t ra ck in g  o f  th is  species  
in summer could be accomplished more e a s i l y  than fo r  canadens i s .
I recommend an i n v e s t ig a t io n  o f  e i t h e r  or both species;  f i r s t ,  to 
acquire  more base l ine  d a ta ,  and second, to monitor any changes r e ­
s u l t in g  from p o l l u t i o n .
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APPENDIX la
Plo t  I .  S o l id  squares represent  the d i s t r i b u t i o n  o f  o p e ra t iv e  l i v e  
t ra p  s ta t io n s  on the f i r s t  day o f  sampling. See Figure 3 
f o r  d e t a i l s  o f  the r o t a t io n a l  system. Open squares r e p r e ­
sent the d i s t r i b u t i o n  o f  in o p e ra t iv e  t ra p  s t a t io n s .
= Wash h a b i ta ts
-» J -
= Cottonwood h a b i ta ts
= C o n i fe r  h a b i ta ts  
-Z -’  = HERB OPENING ht
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Plo t  2.  So l id  squares represent  Calhoun l in e  t ra p  s t a t io n s ,  and 
open c i r c l e s  in d ic a te  assessment l in e  t rap  s t a t io n s .
= Wash h a b i ta ts  
' = Cottonwood h a b i ta ts
= PICEA/EQUISETUM ht  
= XERIC GRASSLAND ht
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APPENDIX le
Plot  3* Sol id  squares represent  Calhoun l i n e  t rap  s t a t i o n s ,  and 
open c i r c l e s  i n d ic a t e  assessment l i n e  t rap s t a t i o n s .
= WASH-GRAVEL ht  
= WASH-HERB ht  
= Cottonwood h ab i t a t s  
= Con i f er  h ab i t a t s
= mes 1C GRASSLAND ht
m m
APPENDIX Id
Plot  4.  Sol id  squares represent  o p e r a t i v e  l i v e  t rap  s t a t i o n s .
• = Wash h a b i t a t s  (WASH-POPULUS ht enc i r c l ed )  





Plot  5« So l i d  squares represent  Calhoun l i n e  t ra p  s t a t i o n s ,  and 
open c i r c l e s  i n d ic a t e  assessment l i n e  t rap  s t a t i o n s .
= Wash habi t a t s
= Cottonwood h ab i t a t s  
= Con i f er  h a b i t a t s  
= Grassland h a b i t a t s  (PSEUDOTSUGA/FESTUCA ht e nc i rc l ed )
I
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Plot  6.  So l id  squares represent  Calhoun l i n e  t rap  s t a t i o n s ,  and 
open c i r c l e s  i n d ic a t e  assessment l i n e  t rap s t a t io n s .
= Wash h ab i t a t s  (WASH-HERB ht and WASH-
ELAEAGNUS ht enc i r c l ed )
= Cottonwood h ab i t a t s
= Coni fe r  h ab i t a t s
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V a r i a b l e V a r i a b l e  label seal e
SEQUNUM Card sequence number Ord i na1
SUBFILE Subf i 1e name Nomi na1
CASWGT Case weight 1n t e r v a 1
PERIOD Trap per iod Ord i na1
PLOT Trap p l ot Nomi na1
TRAPST Trap s i te Ord i na1
DAY Day w i t h i n  t rap per iod Ord i nal
GENSP Small mammal species Norn i nal
MARK I d e n t i f i c a t i o n  mark Ordinal
SEX Sex Nomi nal
AGE Age Norn i na1
BREED Breeding condi t ion Nomi nal
TOL Total  l ength 1nterval
TL Ta i 1 1ength 1nterval
HP Hind foot  length 1nterval
EAR Ear length 1nterva l
WT We i ght 1nterva l
CONDN Condi t ion upon re lease Nomi na1
TESTS T es t i s  s i ze  (volume) 1nterval
TESTP T es t i s  pos i t ion Norn i na1
UTER Uterus condi ton Norn i na1
VAGINA Vaginal  condi ton Norn i na1
NIPS Nipple  cond i t  i on Norn i na1
EMBR Number o f  embryos Ord i na1
AVCR Average crown-rump length 1nterva l
HABTAT H a bi ta t  type Nomi nal
STAT Social  s ta tus  (SEX, AGE, BREED) Nom i na1
LOCO Locat ion (PLOT, TRAPST) Norn i nal
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Va r i a b l e V a r i a b l e  label
Data
scale
SEQUNUM Card sequence number Ord1nal
SUBFILE S u b f l le name Norn 1na1
CASWGT Case weight In te rva l
PLOT Trap p l o t Nominal
TRARST Trap s i t e Ordinal
RiCHl Herb species richness Ordinal
RICH2 Shrub species r ichness Ordinal
RICH3 Tree species r ichness Ordinal
RICH4 Total  species r ichness Ordinal
CHI Herb species d i v e r s i t y In te rva l
CH2 Shrub species d i v e r s i t y 1nterval
CH3 Tree species d i v e r s i t y 1nterval
EVEN! Understory evenness 1 nterval
EVEN2 Shrub species evenness I nte rva l
EVEN3 Tree species evenness 1 n t e r v a 1
PGCl Total  exposed subst ra t e  cover 1n t e r v a 1
PGC2 Total  forb cover 1 nterval
PGC3 Tota l  grass cover 1 n t e r v a 1
PGC4 Tota l  herb cover 1 nterval
PGC5 Total  shrub cover 1nterval
PGC6 Total  deadfa l l  cover 1nterva l
SI Alnus Incana cover 1 nterval
S2 Cornus s t o l o n l f e r a  cover 1n t e r v a 1
S3 Elaeagnus commutata cover 1 n t e r v a 1
S4 Lonlcera I n v o l uc r a t a  cover 1nterval
S5 Populus t r l cho car pa  cover 1nterva l
S6 Sal 1X sp. cover 1 nterval
S7 Shepherdla canadensis cover I nte rva l
SB Symphor1carpos albus cover 1nterval
TDOl Tota l  t r e e  dominance 1n t e r v a 1
TD02 Populus t r l c ho ca r pa  dominance 1n t e r v a 1
TD03 Plcea glauca dominance In te rva l
TD04 Plnus con to r t a  dominance 1nterva l
TDEl Tota l  t r e e  den s i ty 1 n t e r v a 1
TDE2 Populus t r l cho car pa  dens i t y I n te rva l
TDE3 Plcea glauca den s i ty I n te rva l
TDE4 Plnus con tor ta  d en s i ty In te rva l
EPCl Large grave l  cover 1nterva l
EPC2 Medium gravel  cover I n te rv a l
EPC3 Sma11 g ravel  cove r 1nterva l
EPC4 Sand cover 1n t e r v a 1
EPC5 S i l t  cover 1 nterva l
EPC6 Organic l i t t e r  cover 1nterva l
EPC7 Humus cover 1nterva l
EPOS Other s o i l  types cover 1nterval
GPCl Agrost ls  a lba  cover 1n t e r v a 1




Vari  able V a r i a b l e  label scale
GPC2 Agrost ls  caninum cover 1 nterval
GPC3 Elymus glaucus cover 1nterva l
GPC4 Bromus inermis cover 1n t e r v a 1
GPC5 Danthonia intermedia cover 1nterva l
GPC6 Agropyron specatum cover 1 n t e r v a 1
GPC7 Poa pra tens i s  cover 1nterval
GPC8 St ipa  r i char dson i i  cover Interva 1
GPC9 Xer i c  grasses combined cover 1nterval
GPCIO Large seeded grasses combined cover 1nterval
FPCl Arabis sp. - Polemonium pulcherrimum -
Chenopodium capi tatum cover 1nterval
FPC2 Arctostaphylos  uva-urs i  cover 1 nterval
FPC3 Aster  sp. cover 1 nterval
FPC4 Astragalus a lp inus -  A. mic rocyst is 1 nterval
FPC5 Astragalus r obb i ns i i  cover 1 nterval
FPC6 Berber is  repens cover 1 nterval
FPC7 Chrysopsis v i l l o s a  -  Crepis elegans -
Er igeron compositus cover 1 n t e r v a 1
FPC8 Cornus canadensis cover 1 nterval
FPC9 Disporum trachycarpum - Prenanthes
s a g i t a t a  -  St reptopus ampl ex i fo l i us 1nterval
FPCIO Dryas drummondii cover 1nterva l
FPCll Epi lobium 1 a t i f o i l  urn cover 1 n t e r v a 1
FPCI2 Equisetum sp. cover 1nterva l
FPC13 Er igeron peregr inus cover 1nterval
FPC14 Fr aga r i a  v i r g i n i a n a  cover 1 nterval
FPCl 5 Galium t r i f l o r u m  cover 1n t e r v a 1
FPC16 Hedysarum su 1phurescens cover 1nterva l
FPC17 Linnaea b o r ea l i s  cover 1nterval
FPC18 Oxyt ropis  campestr is cover 1n t e r v a 1
FPC19 Pyrola  sp. -  T r i l l i u m  ovatum cover 1nterval
FPC20 Senecio s t r e p t a n t h i f o l i u s  cover 1n t e r v a 1
FPC21 Smi lacina s t e l l a t a  cover 1nterva l
FPC22 Sol idago sp. cover 1nterval
FPC23 V i c i a  americana cover 1nterval
FPC24 V i o l a  adunka cover 1n t e r v a 1
DPCl Small d e a d fa l l  cover 1n t e r v a 1
DPC2 Medium d e a d fa l l  cover 1nterval
DPC3 Large d e a d f a l 1 cover 1nterval
HABT H a b i t a t  type Nominal
STRUCT S t r u c t u r a l  d i v e r s i t y 1nterva l
GRPHAB H ab i ta t  group Nomi na1




V a r i a b l e Va r i a b l e  label scale
SEQNUM Card sequence number Ordinal
SUBFILE S u b f i 1e name Nomi na1
CASWGT Case weight 1nterval
GRUP1D Aggregate group i d e n t i f i c a t i o n Ordinal
NCASE Number o f  cases in agg. group Ord i nal
PLOT Trap p l o t Nomi nal
TRAPST Trap s i t e Ord i nal
CRPM P. maniculatus catch ra te 1nterval
CRZP Z. pr inceps catch ra te 1nterval
CRCG C. gapperi  catch ra te 1nterval
CRML M. longicaudus catch rate 1 n t e r v a 1
CRSV S. vagrans catch ra t e Interva 1
CRSC S. c inereus catch ra te 1nterval
CREA E. amoenus catch ra t e 1nterval
CRMP M. pennsy1 v a n i eus catch rate 1nterval
NWT Number o f  small  mammal weights Ordinal
TWT Total  biomass I nte rva l
NGENSP Number of  small  mammals 1nterval
HABTAT H a b i t a t  type Nomi nal
PERWGT ( t r a p  n ights  per p e r i o d ) / ! 00 1n t e r v a 1
HABWGT ( t r a p  n ights  per h a b i t a t ) / I  00 1nterval
EFFORT (PERWGT) X (HABWGT) I nte rva l
APPENDIX IV
CHECKLIST OF VASCULAR PLANTS ENCOUNTERED ALONG THE NORTH FORK
OF THE FLATHEAD RIVER
Genus or  Species
T rees
Abies l as iocarpa  
J un ipe r i s  scopulorum 
La r I X CGC i d e n t a l i s 
Plcea glauca x P. engelmani i  
Plnus contor t a  
P. ponderosa 
Populus t remuloides  
P. t r l c ho ca r pa  
Pseudotsuga menz lesl l
Shrubs
Alnus Incana 
Amelanchler  a l n l f o l l a  
Artemis ia  t r i d e n t a t a  
Cornus s t o l o n l f e r a  
Elaeagnus commutata 
Jun iper i s  communis 
J . h o r l z o n t a l I s  
Lonlcera I n vo l uc r a t a  
Prunus v i r g l n l a n a  




R. p a r v l f l o r u s  
S a l l x  sp .
Shepherdla canadensis  
SymphorIcarpos albus  






Grasses (c o n t in u e d )
*  A. repens 
Agrost ls  a lba  
A. exara ta  
Bromus Inermis  
Ca1amagrost15 canadensis 
C. inexpansa 
CInna 1 at  I f o l I  a 
Danthonia Intermedia  
Elymus glaucus  
Festuca Idahoensis  
F. ovina
F. s c a b r e l 1 a 
H1erochloe odorata  
Koe l e r l a  c r i s t a t a  
P h a l a r l s  a r und1nacea 
Phleum pratense  
Poa compressa 
P. p r a t ens i s  
P. Sandberg 1 1 
St 1 pa o c c 1 dental  1s 
S. r 1chardson1 1
Forbs
A c h i l l e a  m i l l e f o l i u m  
Actaea rubra  
Agoserls aur an t l aca  
A. glauca  
Al l ium cernuum 
Anaphal ls margar l tacea  
Anemone mult  I f  Ida 
Angel 1ca arguta  
Antennar la  mi c r ophy l l a  
A. neg lec ta  
A. racemosa 
Aqu11 eg 1 a coeru lea  
Arabis h 1rsuta  
A. h o i b o e l 11 1 
Arctostaphylos uva -urs i  
Arenar la  l a t e r i f l o r a  
A. n u t t a l 111 
Arnica chamlssonis  
A. d 1 vers 1f o l 1 a 
A. 1ong1f o l l a  
Aster  campestr is  
A. consplcus
144
Forbs (c o n t in u e d )
A. foleaceus
*  A. hesper ius  
A. l aev i s
A. modestus 
A. occ Î den ta 1 î s 
Astragalus a lpinus
*  A. mic rocyst i  s 
A. robbi ns I i  
Berber is  repens
*  Botrychium m a t r i c a r i a e f o 1 iurn 
Calochortus ap i cu l a t us  
Calypso bulbosa 
Campanula r o t u n d i f o l i a  
Cardamine pensy1 vanica  
Carex sp.
Cast i l l e j a  min ia t a  
Cerast ium arvense  
Chenopodium capi tatum  
Chimpaphi la umbel l a t a  
Chrysops is v i 1 losa 
Cirsium arvense  
C. scariosum 
C. vu l gare  
Clemat is columb i ana 
Cl inton i a un i f l o r a  
Collomia 1 inear  i s 
Coryda1 i s aurea  
Cornus canadensis  
Crepis elegans  
Delphi nium b i c o l o r  
Disporum trachycarpum 
Dodecatheon pulchel lum  
Dryas drummondii  
Epi lobium a ng u s t i f o l i u m  
E. glaberr imum 
E. 1 at  i f o l ium  
E. watson i i 
Equisetum arvense  
E. sp.
Er igeron compositus 
E. peregr inus  
E. speciosus  
Eriogonum f lavum 
E. ova 1 i f o l i u m  
Erysimum c h e i r a n t h o i des 
Fragar ia  v i r g i n i a n a
145
Forbs (c o n t in u e d )
F r i t  i l  l a r i  a pud i ca 
G a i l l a r d i a  a r i s t a t a  
Galium borea1e
G. t r i f l o r u m  
Gent iana amar e l 1 a 
Geranium vIscosissimum 
Geum t r i f l o r u m  
Goodyera o b l o n g i f o l i a  
Habenaria obtusata
H. o r b i c u l a t a  
Hedysarum su 1phurescens 
Heracleum lanatum 
Heuchera c y l i n d r i c a  
Hieracium a l b i f l o r u m
H. canadense 
I 1 iama r i v u l a r i s  
Juncus sp.
Lactuca b iennis  
L. p u l c h e l 1 a 
Lathyrus ochraleucus  
Li nnaea boreal  is 
Lithophragma p a r v î f l o r a  
Lomatium sandbergi i  
Lonlcera utahensis  
Lupinus argenteus  
L. ser iceus  
Lynchnis a lba  
Lycopodium se 1 ago 
Mentha arvens is  
M ic r o s t e r i s  g r a c i l i s  
Mimulus g u t t a t u s  
Monarda f i s t u l o s a  
Orobanche uni f l o r a  
Osmorhiza chi lens is 
*  0. depauperate
Oxytropis campestr is  
P e d i c u l a r i s  groen landica  
Penstemon confer tus  
Phacel ia  has ta ta  
Polemonium pulcherr imum 
Potent i l  la g landulosa  
P. g r a c i 1 i s 
P. hippiana  
P. p a l u s t r i s  
Prenanthes s a g i t a t a  
Prunel l a  v u l g a r i s  
Pyrola asar i fol  ia 
P. chlorantha
1 4 6
Forbs (c o n t in u e d )
P. secunda 
P. u n i f l o r a  
Ranunculus a q u a t i l i s  
R. g m e l i n i i  
R. macouni i 
*  Rorippa obtusa 
Rumex sp.
Sedum 1anceolatum
S e l a g i n e l l a  wal l  acei
Senecio canus
S. s t r e p t a n t h I f o l i u s
S. t r i a n g u l a r i s
Sisyr inchium angust i f o l i  um
Smi lacina s t e l  1ata
S. racemosa
Sol i  dago canadens i s
S. g igantea
S. mi ssour iens i s
Sonchus asper
Spi raea b e t u l i f o l i a
Stenanthium o c c id e n t a le
Streptopus amp 1e x i f o l i u s
Taraxacum ceratophorum
Tragopogon pr at ens i s
Tr i  f o l i  um agrar ium
T. pratense
I .  repens
T r i l l i u m  ovatum








species not included in Kessel 1 (1974)
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MEAN VALUES OF ENVIRONMENTAL VARIABLES BY HABITAT TYPE
147
V a r i a b l e
» UJrc >to <C
1







ZJ X W 3
( UJ o : 3
X Z) LO zs 3 3
tfO CL z Cl M Û_
3
O LU O C O







X Z <C 3 o3 to z
a H CL  ̂ z H  < 1 <
z ; 3 w s .  o O  O to «J
C -J (/) LÜ <L <  VO 1- Û  3 3  to u  toz ÜJ 3 UJ — c/1 UJ LU 3 ÜJ z 3  H Z  3 — (O
UJ u  Q_ W  3 z  o CJ Z <o — tU  g i cc z ssCL —  c —  O ’ UJ — c/1 cu O  _Ja CL Q- Q_ UJ O  CL CL CL CL O (L  U. u  < X  o
Herb s p e c i e s  r i c h n e s s 3 . 0 7 . 8 9 . 8 1 1 . 2 1 3 . 7 1 2 . 7 15.4 14.8 1 6 . 8 1 2 . 8 1 9 . 8 2 1 . 5 18 . 5 13.5 16,7
Shrub s p e c i e s  r i c h n e s s 0 . 3 0 . 8 1 . 6 2 . 0 0 . 7 1 . 5 0 . 5 1-7 2 . 3 0 . 0 2 . 5 2 . 0 0 . 0 2 . 2 0 . 3
T r e e  s o e c i e s  r i c h n e s s 0 . 2 0 . 1 0 . 4 1 .0 1 . 7 2 . 2 0 . 8 2.1 1 . 2 2 . 4 1.3 0 . 0 1.0 0 . 8 0 . 5
Herb s p e c i e s  d i v e r s i t y 0 - 5 é 0 . 9 5 î . 1 5 ) . 59 1 . 7 0 1 . 66 1 75 1.89 2 . 0 0 1. 61 2 . 4 4 2 . 6 2 1.91 1.73 2.09
Shrub s p e c i e s  d i v e r s i t y 0 . 0 2 0 . 0 5 0.  23 0 . 4 l 0 . 1 1 0 . 1 6 0 . 06 0.36 Û . 50 0 . 0 0 0 . 5 8 0 . 4 2 0 . 00 0 . 40 0 . 03
Tree  s p e c i e s  d i v e r s i t y 0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 0 0.  10 0 . 2 8 0 . 1 3 0.42 0 . 1 3 0 . 5 8 0 . 1 5 0 . 0 0 0 . 0 0 0. 04 0.08
T o t a l  EPC 9 4 . 1 8 2 . 4 7 1 . 6 6 2 . 4 7 3 . 2 5 7 . 6 6 8 . 6 61.4 3 7 - 9 6 8 . 6 7 . 3 2 8 . 5 3 9 . 5 66. 5 15.5
T o t a l  FPC 4 . 0 1 0 . 3 15. 1 2 2 .  1 2 0 . 3 3 0 . 9 23 . 9 35.6 6 8 .  ! 2 9 . 8 8 6 . 7 5 2 . 5 3 2 . 0 25-7 50.4T o t a l  GPC 5 . 3 6 , 2 1 2 . 6 15 . 2 7 . 3 12 . 4 8 . 7 5.9 3 . 6 2 . 4 2 1 . 8 3 0 . 0 31 - 5 9 . 0 40.0T o t a l  SPC 2 . 9 2 . 5 2 0 . 2 6 9 . 8 2 . 4 2 3 . 9 2 . 3
1.1
15.3 2 4 .  1 0 . 0 21 .3 5 - 0 0 . 0 61. 8 2. 3
T o t a l  OPC 4 . 5 5 . 9 6 . 9 5 - 2 2 . 5 4 . 9 7.8 7 - 4 5 - 0 6 . 0 1 5 . 0 0 . 5 3-5 0. 5
A. i n c a na  SPC 0 - 4 0 . 0 1 . 1 0 . 5 0 . 5 0 . 0 0 . 3 3.7 5 . 2 0 . 0 0 . 0 0 . 0 0 . 0 36 . 5 0. 0
C. s t o l o n i f e r a  SPC 0 . 0 0.  [ 0 . 5 3 . 6 0 . 5 0.  I 0 . 5 6 . 9 1 2 . 5 0 . 0 0 . 2 0 . 0 0 . 0 22. 9 0.0
E. commut at a  SPC 0 . 0 0 . 0 1 . 9 0 . 0 0 . 2 19 . 2 0.1 0.9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
0.0
L.  i n v o l u c r a t a  SPC 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 . 0 0.1 1 . 5 0 . 0 0 . 2 0 . 0 0 . 0 0 . 0 0.0
0.1P .  t r l c h o c a r p a  SPC 1 . 0 1 . 9 ) 2 . 5 2 4 . 0 0 , 2 0 . 0 0 . 2 0.1 0 . 0 0 . 0 0 . 0 0 . 0 O.Û 0.1
Sa 1 i X  s p , SPC 1 . 5 0 . 4 4 . 0 4 2 . 5 0 . 0 3 . 2 0.1 0 . 8 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 2 . 8
0 . 0
S. c a n a d e n s i s  SPC 0 . 0 0 . 0 0 . 0 0 . 0 0 . 6 0 . 0 0 . 2 0 . 5 0 . 6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 8
0.0
T o t a l  TDO 4 . 6 3 . 7 1 3 . 5 4 0 .  1 404 . 2 3 3 9 . 9 6 6 . 5 537.0 541 . 8 3 9 7 . 2 2 9 3 . 8 0 . 0 3 7 4 . 5
139-2 13.3






P ■ g 1auca TDO 0 . 3 0 . 0 0 . 0 0 . 0 9 . 7 11 . 9 15 . 6 151.5 4 9 3 . 5 1 3 2 , 4 1 67 - 3 0 . 0 0 . 0
3 . 0
P. c o n t o r t a  TDD 0 . 0 0 . 0 0 . 0 0 . 0 0 . 4 2 5 . 2 5.1 1.5 9 . 7 3 9 . 0 1 2 6 . 5 0 . 0 0 . 0
0 . 0
T o t a l  TDE 0 . 6 0 . 6 1 . 7 13-3 6 . 0 5 . 9 2 . 3 9 . 8 7 . 6 5 8 . 2 4 . 3 0 . 0 8 . 5
2 . 3
P. t r i c h o c a r o a  TDF û . 6 0 . 6 1 . 5 1 3 . 3 4 , 2 2 . 9 0 . 4 2 . 2 0 . 3 0 . 2 0 . 0 0 . 0 0 . 0 1.3




0 . 2  
A 1
P. c o n t o r t a  TDE 0 . 0 0 . 0 0 . 0 0 . 0 0.  1 0 . 3  
1 . 5  
2.  1
0.1 0.1 0 . 1 1 . 4 1 . 3 0 . 0 0 . 0
0 . 0
0 . 4La r ge  g r a v e l  EPC 5 . 9 3 . 4 2 . 2 0 . 5 0 . 3 0 . 8 0 . 0 0 . 0 0 . 0 0 . 0 4 . 0
9 . 0
Medium g r a v e l  EPC 12.1 5 . 6 4 . 2 0 . 6 1 .2 3 . 4 0 , 0 0 . 0 0 , 0 0 . 0 6 . 0 0 . 0
2 . 5
Sïïia 1 1 g r a v e l  EPC 4 6 . 3 2 9 . 9 21 . 1 2 . 8 3 . 1 9-1 6 . 7 0 . 6 0 . 1 0 . 0 0 . 0 1 4 . Q
0 . 0 3 . 5
1.4
2 . 4
0 . 1 
0 . 0  
0.0  
5 . 9  
0 . 0  
5 .4
Sand EPC 1 3 . 6 2 6 . 5 1 9 . 7 9 . 5 3 . 6 6.  1 4 . 3 1-7 0 . 3 0 . 0 0 . 0 0 . 0
0 . 0
S i l t  EPC 11 .8 1 2 . 5 1 2 . 8 8 . 4 4 . 2 7 . 9 13 - 9 1.1 1 .0 0 . 8 0 . 0 0 . 0
0 . 0
O r g a n i c  l i t t e r  EPC 5 . 5 4 . 8 12 . 4 4 2 . 2 57.  7 3 1 - 2 2 9 - 7 51-3 2 1 . 2 4 5 . 0 0 . 8 2 . 0
2 9 - 0 55 . 3
Humus EPC 0 . 0 0 . 0 0 . 0 0 . 0 0 . 2 0 . 0 0 . 4 1.6 1 3 . 0 1 5 . 0 0 . 7 O.Û
0 . 0 0 . 0
1.7O t h e r  5 0 I 1 t y p e s  EPC 0 . 0 0 . 0 0 . 5 0 . 4 2 . 8 0 . 2 9 . 8 4 . 9 t . 9 8 , 0 5 . 8 2 . 5 1 .0
0  
§  
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0. 13 0 . 4 5
0. 18 0. 29
17.0 54 . 6
67.1 44 . 4
33.9 8 . 0
3 . 0 22 . 4
3.0 5 . 8
0 . 0 9 . 3
0.0 9 . 3
0.0 0 . 0
0 . 0 0 . 0






46.9 0 . 0
3.4 1 0 . 1
0.1 0.7
0.9 8 . 0
2. 3 0.0
0.0 2.3
0 . 0 3.4
0 . 0 1.7
0.0 2 . 0
0 . 0 1.4
13.0 37.8
0 . 0 2.2
4.0 3.6
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T o ta l OPC o  o  — ru — — o'X L"i — O Cr. O CD ro X- \_Li — Uj lTi
S o il .'.agi-' ufi
o  o  o  o  o  o  o
- — h*-j — r *oJ H trb  ^pec ic3
O O O O O O O
l~̂ - • 1̂  >~S fo V i d a^  — W L-J X" —- O ^  CO MU X' r ̂ d iv e r s i t y w  'O X“ Cû '_f* “  Kl CT' vJ G? ùirii) r i c 303
O C> O O o  O Û Shrub S p e d  l’ ^ O O O C> O O cj v io laO “-" — c  fv "Z' Vu oc? X' '_ri o  —'wV O L_.n r j  ru O 'jj d 1ve rs f t y
O o  o  o  o  o  Ln vJ Ot> L-rf LU X" X- k_D —‘ Kl O
adurika
o  o  o  o  o  o  o O O O O O O O
<::> o  O o  ^' O' k'V* — T A ' X* QD O X* OO
Tree spec f es 
r f  choess
o  — '«o o  Xr o  Vu vu K> o  'J r*vo g\ K| lTi co kj ÛD
T o ta l trc o  
demi fiance
O O O O o  c? o Mcd i uni O O O O O O O—̂1 —% * "i < ' r̂ Populuso  O —• O O '«>•*PO X̂  — v-f PvJ ~sjW Lu X- Çl> en OO g rave  1 EPC ru o  'vJ %o ^  uu \o X- 'U Jr o  -*■ OOvaj t r 1chocarpa  domi nance
O O O O O O O
o  o  Ç> — —V X* '-X' —' Ô vr> —" **̂X" C' VpH — CD M NJ
S rsa 1 1 
g ra v e ! EPC
O O O O O O O
o  —̂ E- o  \ n  — —f -  C\ N« vu ^  vn OD —' ru 05 —
P i cca 
g !au ca  
dom lnance
O O O O O O O Sand EPC
«o  o  O O O O O T o ta l t re e
O O —• Lmf o  Kj 
KJ 1X1 ^  K> \J1 KJ f -  Ĉ  ^  K> CO W LO LÛ
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APPENDIX VI I
INTRA-HABITAT FLUCTUATION AND AGE STRUCTURE OF EUTAMIA5 AND PEROMYSCUS POPULATIONS ON PLOT h 
(Data from top to bottom - catch r a t e ;  p ropor t ion  a d u l t ,  subadul t ,  j u v e n i l e . )
Ha b i ta t
WASH - WASH PICEA- PICEA/ PICEA- DENSE
HERB POPULUS POPULUS EQUISETUM PINUS PICEA- PINUS
Per iod Pm Ea Pm Ea Pm Ea Pm Ea Pm Ea Pm Ea
6 / 1 6  -  6 / 1 9 6 . 3 3.1 5 . 0 1.7 4 . 2 0 . 0 0 . 0 25. 0 0 .0 0 . 0 0 .0 25 . 0
1977 0 . 5 0 - 1 .00 - 1 .00 - - 1 .00 - - - 1.00
- 1 .00 - 1 .00 - - - - - - - -
0 . 5 0 - - - - - -
7 / 1 7  -  7/21® 25.1 3.1 20 . 9 5 . 0 33. 3 20. 5 12.5 25. 0 0 . 0 10.0 25. 0 0 . 0
0 . 4 2 - 0 . 37 0. 50 1 .00 1 .00 - 0. 50 - 1 .00 1.00 -
- 1 .00 0. 03 0. 50 - - 1 .00 0. 50 - - - -
0 . 58 - 0 . 60 - - - - -
8 / 1 4  -  8 / 183 34. 4 7 . 8 25. 8 7 . 5 50. 0 8. 3 12.5 12.5 36.7 3. 3 0 . 0 24.0
0. 45 0 . 50 0. 33 0. 63 0.42 0. 50 - 1 .00 0. 27 1 .00 - -
0. 10 0. 50 0. 14 0. 37 0. 58 0. 50 1 .00 - 0.46 - - 1 .00
0 . 45 - 0. 53 - 0.27 —
8 / 2 4  -  8 / 3 0 31 . 3 0 . 0 16.7 0 . 0 - - - - - - - -
1976 0. 1 1 - 0 .22 - - - - - - - - -
0.61 - 0 . 56 - - - - - - - -
0. 28 0 . 22
^Data represents averages f o r  1976 and 1977
